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LONGITUDINAL STRESSES 


IN SHIPS 


By J. M. MURRAY 


ANY Surveyors, meditating on their 
M reports, must have formed the opinion 
that, in spite of ever increasing atten- 

tion which is given to design and construction of 
ships, fractures occur more frequently nowadays 
than they did ten years ago. They may have 
wondered why what is generally called progress 
has brought in its trail, so far as ships are 
concerned, an increasing number of structural 
failures, some of which are of an alarming 
nature. With much justification they may have 
concluded that the pre-war cargo ship was 
less productive of intriguing problems to the 
Surveyor than the modern one. If their minds 
were running in that direction they were pro- 
bably right. Some old troubles have disappeared, 
but they have been replaced by even more 
diseoneerting ones and, in addition, these new 
troubles are more prevalent than the old ones. 


It is the purpose of this paper to suggest 
some reasons for the failures which occur from 
time to time in the main girder of cargo ships, 
and here two important points must be made. 
First, these failures, with one exception—the 
corrugation of the bottom plating of welded 


BENDING MOMENTS 


Before attempting to diseuss the other factors, 
a short preamble on the methods of comparing 
stresses is necessary; here the author will 
attempt to be as brief as possible. As is well 
known, the classical method of comparing 
stresses is that introduced by W. John, who, 
in his paper on “The Strength of Iron Ships” 
(T.I.N.A. 1874), considers the case of a ship 
300 ft. in length balanced on a wave the length 
of the ship and 12 ft. high. In this paper the 
well-known expression maximum hogging moment 
equals displacement X length appears; a formula 

35 

for bending moment which has been used widely 
ever since. As a matter of interest, it may be 
stated that for the actual condition investigated 


ships—have been sustained in only a very small 
proportion of the ships classed by this Society; 
a proper perspective must be observed. Secondly, 
in the present state of knowledge there are very 
few fractures for which a complete explanation 
can be given; the most that can be said is that 
some factors seem to assume a greater significance 
than others. 


In the course of his work the author has come 
to be of opinion, rightly or wrongly, that two 
factors are primarily responsible for much of the 
trouble which besets the modern ship and dis- 
concerts the Surveyor. They are :— 


1. Change of design of ships. 
2. Welding. 


To these may perhaps be added the increase in 
speed. 


The author intends to discuss the first factor 
at some length. To discuss the second is outside 
his provinee, and all he intends to say about it 
is that welded construction appears to be more 
liable to failures in the presence of stress con- 
centration than riveted ships. Much has already 
been written on this subject. 


AND STRESSES 


by John the factor was 38, but he stated that 
allowing for higher waves the constant would 
probably reach the figure 35. John’s paper 
dealt in a masterly manner with a specific ship 
and the very quality of the exposition had the 
effect of obscuring previous work which had 
been done on the subject. In the author’s 
opinion, this was unfortunate since earlier 
investigators had adopted the expedient of 
dividing the bending moment produced on a ship 
in a seaway into two parts—that due to the 
bending moment in the still water condition and 
the bending moment induced by the passage of 
the wave. The first component depends on the 
geometrical characteristics of the ship and on 
the disposition of loading; the second purely 


on the geometrical characteristics of the ship. 
In other words, the first component of the 
bending moment is influenced by thé disposi- 
tion of weight of the ship, whether that be 
structure, machinery or eargo, and the under- 
water form. The second component is an 
addition to the other and depends entirely 
on the shape of the ship so far as theoretical 
calculations go. One of the major contributions 
to our knowledge of the stresses in ships is the 
finding that a ship in statie conditions does in 
fact behave like a simple beam; this has been 
shown by experiments made on a number of 
ships, both cargo ships and tankers, in which the 
stresses induced by known conditions of loading 
were carefully measured. It follows, then, that 
if a ealeulation is made of the bending moment 
of a ship in still water and from a knowledge 
of the modulus of a section of the ship the 
stresses are deduced, these stresses are actual and 
not normal stresses; allowance has to be made, 
of course, for stress concentrations. The deter- 
mination of the stresses caused by the passage 
of a wave is more difficult. As has been 
mentioned, the classical method is to assume 
that the ship is poised on a trochoidal wave 
having a length equal to the length of the ship 
and a height of one-twentieth of the length. 
This condition has been assumed, as it is econ- 
sidered to be a very severe one and therefore 
suitable for making comparisons between ship 
and ship. It deals with statics and not with 
dynamics, and until recently there was no 
evidence to show whether the stresses thus 
obtained were actual or nominal stresses; they 
were therefore used purely as a basis of com- 
parison. In 1936 experiments were made on 
a German ship, the “San Francrsco,” to deter- 
mine the stresses actually induced in a seaway. 
An elaborate system of instrumentation was 
adopted, and the net result of the experiments 
was that the maximum tensile stress measured 
on the upper deck of the “San Francisco” in 
a storm, in which the wind force reached force 
12 on the Beaufort Seale, was 3-5 tons per square 
inch and the maximum compressive stress 5-4 
tons per square inch. Since the zero readings 
for the instruments were taken when the ship 
was in still water the stresses above mentioned 
were superimposed on the still water stress. 
Similar results were observed on the “OcrAN 
Vurcan,” a ship in which extensive experiments 
on the hull in still water were undertaken by 
the Admiralty Ship Welding Committee and 


stress measurements were recorded over a period 
of 18 months when the ship was engaged in its 
normal trading. In that time the stress due to 
the waves slightly exceeded 4 tons per square 
inch. Subsequently, a statistical strain meter 
was fitted in the “Ocran Vutcan” and over a 
period of one year the following stresses were 
recorded :— 


1 ton/sq. in. 266,844 times 
2 ton/sq. in. 7,100 times 
3 ton/sq. in. 329 times 
4 ton/sq. in. 102 times 
5 ton/sq. in. 5 times 
6 ton/sq. in. 2 times 


These stresses are from hog to sag condition 
and therefore the addition of the still water 
stress is one half of the above figure. 

The “San Francisco” and the “Ocran VuLcan” 
were ships of the same type as may be seen 
from the following table :— 


“San FRANCISCO.” 


Dimensions 430 & 57 X 37-7/29-7 
Draught Rie etass” Case iam. 42ers 
Block Coefficient ... ... ... ‘744 


“Ocran Vuucan.” 


Dimensions ... 416 X 56:8 X 37-3/28-6 
Draught steve, Fault acted tiers 
Block Coefficient ...  ... ~' ... ‘763 


The most, therefore, that can be said is that 
for ships of that size and form the stress due 
to the waves reaches a magnitude of about 4 
to 5 tons per square inch either tensile or 
compressive. Whether this applies to larger or 
finer ships is at present obscure. In the author’s 
opinion, therefore, the proper basis for com- 
paring stresses is the basic or still water stress; 
the stress due to storm waves is a fluctuating 
stress of doubtful magnitude which is super- 
imposed on the still water stress. It is for this 
reason that the author is inclined to regard the 
departure, initiated by John, from the more 
primitive method of recording bending moments, 
and hence the stresses as two components, as 
unfortunate. 


It is necessary to consider the relative magni- 
tudes of these two components of the bending 
moment. As has been mentioned, the stress due 
to the waves has a maximum range of perhaps 
10 tons per square inch in extreme conditions; 


ordinarily it is much less. ‘The stress in the still 
water condition is normally about three to four 
tons per square inch tensile at the upper deck 
and 2 to 3 tons per square inch compressive 
at the bottom. With injudicious loading, 
however, that stress may be greatly exceeded, 
and the author has record of a ship loaded 
with phosphate in which the still water stress on 
the upper deck was 7-5 tons per square inch. 
Luckily, on the voyage in question fine weather 
was encountered, which was probably more than 
the Captain deserved. 


Summing up, therefore, it may be said that 
the stress or stresses sustained by a ship at sea 
can be resolved into two components—the still 
water stress, which is a known actual stress, and 
the stress superimposed which is due to the 
action of the waves. The second component 
may vary greatly and there is little knowledge 
of its probable magnitude in very severe con- 
ditions. It may be said, however, that every 
ship in the course of its life will probably 


experience at one time or another wave stresses 
of the maximum intensity, and that the liability 
of these stresses to cause damage depends to an 
important extent on the magnitude of the basis 
still water stresses. These wave stresses are of 
a dynamic character, and it is doubtful whether 
they can be completely related to the wave 
profile. They may be induced by impulses from 
the sea such as may be produced from slamming. 
A theory has been evolved to explain this pheno- 
menon but unfortunately it is very obscure. The 
present author does not understand it but is 
somewhat comforted by the fact that he has not 
met anyone else, beyond the originator of the 
theory, who does. 


The preceding arguments have been put 
forward to justify the adoption of the still water 
stress as a basis for comparing the strength of 
ships, but further justification is necessary. 
Later on in the paper it is hoped to show that 
when still water stresses exceed the normal figure 
they are apt to result in fractures. 


REASONS FOR INCREASED STRESSES IN MODERN SHIPS 


Having indicated briefly the reasons for 
adopting a still water stress as a basis, the next 
step is to endeavour to show how developments 
in the design of cargo ships have resulted in 
increase to that stress. To do this it is not 
necessary to go back further than the 1920s 
when the usual design of ship was the three- 
island vessel. At the present time the shelter 
deck vessel is being built to the almost entire 
exclusion of the other type. 


If the still water stresses are calculated on the 
assumption that the ship is loaded with homo- 
geneous cargo throughout the holds and ’tween 
decks and that the fuel is half burnt out—a 
reasonable basis to assume and one which 
approximates quite closely to a condition often 
observed—it will be seen that the stress on the 
three-island ship is of the order of 2 tons per 
Square inch tensile at the deck, and that of the 
shelter decker of the order of 3 tons per square 
inch tensile at the deck. 


Attention is drawn to the fact that in both 
types of ships mentioned the still water bending 
moment is a hogging one. The deck is in tension 
and the bottom is in compression. This is true 


for all cargo ships of 300-450 feet in length 
having machinery amidships (see Appendix). 
In ships with machinery at the aft end the 
reverse applies; the still water bending moment 
is a sagging one. This may seem to be a very 
sweeping statement, but it is true within the 
author’s experience for the condition adopted, 
that is, homogeneous cargo. It has an important 
bearing on the damage observed in cargo ships. 
The assumption musi not be made, of course, 
that a ship is always loaded so that the effect is 
that of a homogeneous cargo. With bulk eargoes 
and often with general cargoes such is the case, 
but obviously it cannot be stated as a strict rule. 
The author has noted many eases of a ship loaded 
with general cargo in which the effect has been 
to induce a sagging moment in the still water 
condition. 


Tt has already been stated that one of the 
factors which has caused an increase in fractures 
is the alteration in design and that in broad 
terms the chief alteration in design has been the 
change from the poop, bridge and forecastle ship 
to the shelter decker. The bridge amidships 
was useful from the loading point of view in 


that the cargo placed there helped to reduce 
the initial hogging moment. The same cargo 
is now carried near the ends of the ship and 
in the extreme case a long forecastle is fitted 
which has the effect of still further aggravating 
the tendency to move the centre of gravity of 
the cargo towards the ends of the ship. There 
have been other subsidiary influences at work all 
acting in the same direction. For instance, the 
adoption of “V” instead of “U” sections at the 
end of the ship has tended to give more capacity 
in those localities, and the berthing of the crew 


on the upper deck amidships instead of in the 
shelter ’tween decks aft has had the same effect. 
In recent years there has been a _ tendency 
towards finer block coefficients—this, of course, 
is consequent on increased service speeds—but 
this development has not in itself had much 
effect on the still water bending moment, for 
the greater distance between the centre of effort 
of buoyancy acting upwards and of the cargo 
acting downwards in the finer ship compared 
with a fuller one is balanced by the reduction 
in displacement. 


RESULTS OF INCREASED STILL WATER STRESSES 


It has been shown that the modern ship has 
in general a greater still water bending moment 
than the ship of 20 years ago, but it is still to 
be shown that this has an effect on the lability 
to damage. Here two lines of evidence may be 
produced. ‘The first is that the section modulus 
of the older ship can be reduced through wear 
and tear and general diminution of the scantlings 
without producing any inerease in the liability 
to damage. The second is that the modern ship 
tends to develop fractures as soon as the still 
water bending moment becomes high. 


In support of the first contention an interesting 
example may be cited. A poop, bridge and 
forecastle vessel engaged in the iron ore trade 
was drilled throughout after 25 years’ service. 
It was found that the section modulus had been 
reduced by 30 per cent., but an examination 
of the reports of this ship showed that there 
was no note of any trouble. It may be remarked 
that in this ship the still water bending moment 
approached zero when the ship was in the load 
condition. 


The second line of argument can be justified 
by many examples, and the usual sign of 
unusually high still water bending moments is 
fractures at the corners of hatches on the 
strength deck. 


As an example of the relation between still 
water bending moment and liability to fracture, 
the still water stress experienced by a ship 
on a number of consecutive voyages has been 
calculated, and it is found that in the loaded 
condition the stress varied from 2-5 tons per 


square inch tensile at the deck to 5-6 tons per 
square inch tensile at the deck. The average 
stress for 21 loaded voyages was 3-6 tons per 
square inch. It is not surprising to find that 
after the voyage on which the maximum still 
water stress was experienced the corners of No. 3 
hatchway were found to be fractured. Inci- 
dentally, the bottom was corrugated very badly, 
which is hardly surprising either. 


The loading of the ship in question is by no 
means an isolated case; it can be paralleled in 
many others, especially when bulk cargoes are 
carried. When that is done there is a tendency 
to leave the deep tank empty—in fact, some 
charters for coal cargoes provide that the coal 
should not be carried in the deep tank—and the 
effect of this is to throw the load towards the 
end of the ship, often with serious results. It 
may be agreed that this is not a novel state of 
affairs; deep tanks existed 20 years ago and 
charters have not changed either. ‘This is true, 
but it is also true that deep tanks are now 
larger than formerly. Some other factor for the 
inereased incidence of fractures must therefore 
be involved, and the author is of the opinion 
that the factor is increased speed. Evidence 
of this is seen in eases which have been brought 
to his notice by Superintendents, who have been 
told that the loading of their ship was at fault. 
They have not been diffident in pointing out 
that their older ships were loaded in exactly the 
same way without any unfortunate results 
following. Examination has shown that this is 
often the case. One example may be quoted. 
A new shelter decker suffered severe cracking 


at No. 3 hatch corner quite early in her life, 
while a similar but older ship loaded in such a 
way that the stress induced was the same was 
completely free from trouble and always had 
been. The difference between the ships lay in 
the fact that one did a good 12 knots at sea 
and the other a bare 10 knots. Of course, there 
was quite a lot of welding in the new ship. 


In general terms it may be said that the brake 
horse power of the cargo ship now being built 
is probably 50 per cent. higher than that of a 
comparable pre-war ship. The 9,000/10,000 
ton deadweight tramp being built nowadays is 
generally equipped with a 4 cylinder Diesel 
engine developing 3,300 B.H.P. or the equivalent, 
while the horse power of the pre-war ship was 
‘in the 2,500 range. This 50 per cent. increase 
in horse power has resulted in an increase of 
about two knots in the average sea speed, and, 
while this in itself does not seem sufficient to 
cause the increased damage which has already 
been mentioned, it must be remembered that the 
tendency nowadays is to take advantage of the 
increased power available to drive the ship in 
heavy or unfavourable weather. In the author’s 
opinion it is this factor which must be kept in 
mind when the influence of speed on the structure 
is considered. 


The most spectacular type of failure at the 
present time is, of course, the corrugation of the 
bottom shell which occurs or will oceur in trans- 
versely framed ships where the floors are welded 
to the bottom shell. The mechanism of this 
corrugation is simple. The author has already 
pointed out that the predominant bending 
moment sustained by a ship is hogging in 
character. One symptom of this is the fracture 
of decks at hatch corners caused by the tensile 
stress on the deck. The other is the corrugation 
of the bottom caused by compressive stresses 
there. In the welded ship the process of 
deformation of the bottom plating is facilitated 
by the fact that the thermal stresses induced by 
the welding have the effect of drawing the plating 
up between the frames; this deformation is 
slightly accentuated hy hydrostatic pressure. 
It is well known that a strut is stable only when 
it is straight and starts to deflect if there is an 
initial irregularity; a similar effect is seen in the 
bottom plating which is slightly distorted by 
welding. It may be argued that in general 
this distortion is very small in a new ship and, 
in fact, might readily escape notice. This is 


true, but unfortunately only a very slight dis- 
tortion is necessary to initiate further distortion 
when a compressive stress is applied, and the 
process is cumulative. Fortunately the process 
is also slow and there is therefore ample warning 
given. The remedy, of course, is to stiffen the 
bottom longitudinally by splitting up the panels 
of plating. It can be shown mathematically that 
the resistance of a square panel of plating, 
constrained at the edges, to a compressive load 
applied along one edge is (on the basis of tons 
per square inch) twice as great as that on a 
panel having the same breadth in the direction 
of pressure, but double the length in the direction 
at right angles to pressure. Experiments have 
confirmed this. 


So far mention has only been made of the 
fractures occurring when the ship is in the loaded 
condition, but similar fractures—but, in the 
experience of the author, less in number—are 
sustained when the ship is in the ballast econ- 
dition. 


Here the record of the American “Liberty” 
ships may be cited. Ten of these ships broke 
in two when in the ballast condition, and 
calculations show that in the ballast condition 
then adopted, the average tensile stress on the 
upper deck for the ten ships was 2-5 tons per 
square inch in still water. An alteration in 
the disposition of ballast so that the stress was 
reduced to -7 tons per square inch tensile was 
followed by a reduction in the number of 
casualties. | Other improvements were made to 
the ships at the time, so there is no clear 
indication that loading by itself was the cause 
of the trouble, but, in the author’s opinion, the 
injudicious system of ballasting adopted in the 
early days of the “Liberty” ships was the most 
important factor contributing to the casualties. 


Fortunately, the disposition of ballast in the 
modern ship is such that low still water stresses 
result, and for this reason the author is of the 
opinion that the ballast condition is not now the 
critical one. In the days of the coal burning 
ship the concentration of bunker coal and ballast 
amidships when the ship was in the ballast con- 
dition was very often productive of compressive 
stresses on the upper deck and these led to 
buckling of the deck plating. This is a form 
of failure which is not so common with the 
modern ship in which coal has been superseded 
by oil fuel. 
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CONCLUSION 


At this point the question may well be asked 
“What is a reasonable stress and what latitude 
may be allowed?” Unfortunately, it is very 
difficult to give a precise answer to that question. 
Each type of ship must be considered on its 
merits. For instance, it has been shown already 
that 2-5 tons per square inch stress in still water 
was the critical stress for “Liberty” ships in the 
ballast condition before certain alterations were 
made to the structure. It would not be true to 
say, obviously, that 2-5 tons per square inch 
tensile in the ballast condition is the critical 
stress for all ships of the size. 


Similar considerations apply to ships in the 
loaded condition, and here it might be stated that 
it is quite possible that the same critical stress 
would not apply in both the loaded and the 
ballast condition. 


It must be held that the stresses imposed when 
the ship is homogeneously loaded are reasonable 
and that.a certain deviation from these stresses 
can be tolerated. Otherwise the whole situation 
would not be-one to inspire any confidence in 
the ability to design a safe ship from a structural 
point of view. It has become apparent to the 
author, however, that for the modern cargo ship 
from 300 to 450 feet in length the stress in the 
homogeneously loaded condition is constant for 
all intents and purposes irrespective of the length 
of the ship, and in the half burnt out condition 
is of the order of 3 to 34 tons per square inch 
in still water. It has also become apparent to 
him that when the stress exceeds 5 tons per 
square inch tensile on the upper deck, then 
trouble must be expected. He would not, never- 
theless, like to give the impression that these 
stresses are rigid figures which apply invariably. 
Certain ships sustained fractures when the stili 
water stress is less than 5 tons per square inch, 
while no doubt others have been loaded in such 
a way that the still water stress was more than 
5 tons per square inch tensile in the upper deck 
without any unfortunate consequences. In the 
nature of things the stress is usually assessed 
after the failure has occurred, and successful 
ships do not receive the same attention as the 
less successful ones. The most that the author 
would say, therefore, is that when the stress gets 
beyond 5 tons per square inch tensile in the 


upper deck there is a strong presumption that 
the loading is injudicious and a better disposition 
of eargo should have been adopted. Since the 
neutral axis of the ordinary cargo ship is about 
‘4D above the base it follows that a tensile 
stress of 3 tons in the upper deck is associated 
with a compressive stress of 2 tons on the bottom 
shell. This stress of 2 tons per square inch 
seems to be sufficient to result in corrugated 
bottoms of transversely framed welded ships, and 
therefore it follows that the incidence of this 
form of damage is inevitable. 


It may appear that the author in the fore- 
going remarks has taken an unduly pessimistic 
view of the present situation with regard to 
eargo ships. He has pointed out the difficulties 
which have followed from modern developments, 
but the only remedy which he has suggested is 
that the loading might on occasion be improved. 


Most Surveyors will feel that this is not very 
helpful, since in practice the loading of the ship 
is none of their business, and the most that they 
ean do is to offer a friendly word of advice on 
the subject. They may, in their well-intentioned 
efforts in this direction, be countered by the 
suggestion that surely something can be done to 
improve the structure of the ship. Here the 
answer is easy. 


There is no doubt that the adoption of longi- 
tudinal framing at the bottom and at the deck 
has very great advantages from the structural 
point of view. Longitudinal framing will un- 
doubtedly solve the corrugated bottom problem, 
and will clearly increase the efficiency of the 
deck plating. The adoption of longitudinal 
framing, of course, will not be a guarantee that 
no trouble will be experienced; there is more to 
the business than that. The quality of steel and 
the quality of the welding enter into the matter, 
but, as the author has said, he does not intend 
to be drawn into a discussion on these points. 
He would reiterate, however, since reiteration 
is often more effective than argument, that 
nothing but good can come of the substitution 
of longitudinal for transverse framing at the 
bottom and deck, and that furthermore in certain 
classes of ships a saving in steel weight would 
be effected thereby. 


APPENDIX 


Particulars of Ships. 


Diesel Engines. Single Screw. 


Length Depth Block Displace- 


Beam Draught eoaft. merit Speed BH.P. | 
fe Se the ft. or Lo knots | 
300 45 27-6/20-6 20-1 ‘70 5,470 12-0 1,900 | 
20-0 “75 5,800 10-5 1,400 | 
400 55 36:33/27:83 25-1 -70 11,200 14-0 4,650 
24-9 “75 11,900 12-0 3,250 
450 60 41-0/32:-0 27-8 -70 15,200 15-0 7,100 
27-6 “75 16,100 13-0 5,000 


Weight of Ship, Cargo and Fuel, and also Still Water Bending Moment and 
Stress at Deck. 


CONDITIONS WITH FUEL HALF BURNED OUT. 


| 
| 


bBo rut Be tote: Plaplnee —iango, BALL Ginter BH water 
ft. tons tons tons tons tons tons ft. tons Tons in 
300 -70 1,880 100 50 =. 2,030 5,320 3,290 18,000 27 | 

‘75 1,850 80 50 1,980 5,670 3,690 17,000 25 «| 
400 ‘70 3,490 270 70 3,830 10,860 7,030 46,500 2:8 

“75 3,360 220 70 3,650 11,610 7,960 46,500 2-8 
450 ‘70 4,850 490 100 5,440 14,610 9,170 63,000 2-6 

“75 4,650 390 100 5,140 15,610 10,470 66,500 28 
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Discussion on Mr. J. M. Murray’s Paper 


LONGITUDINAL 


MR. SHEPHEARD 


I have been extremely interested in this discus- 
sion and I do feel that Mr. Murray has done us a 
real service in allowing our colleagues at the 
outports to hear some of the things which we try 
to do in London. 


I would like to mention one point and that is 
that Mr. Murray, in typical fashion, has glossed 
over the numerous improvements very largely 
due to Mr. Murray himself. 


DR. WEBSTER 


The Author refers to the speed of a ship as 
being a possible cause of structural damage and 
quotes a 10 knot and 12 knot ship but I suggest 
that damage which occurs does not happen when 
the ship is actually doing 12 knots but, in fact, 
happens in bad weather and doing considerably 
less than 12 knots, but the extra power in the 
engine (to enable it to do 12 knots in fine weather) 
allows the ship to be driven considerably harder 
than the 10 knot (fine weather) ship. This feature 
was observed about 20 years ago in the early days 
of high powered cargo liners. 


The explanation given by the Author for the 
buckling of bottom plating under compression 
is no doubt correct, but I am inclined to think 
it is not the whole answer. 


It must be remembered that the tank top is 
often buckled also, which seems reasonable 
under compression but when centre line bulkheads 
and even decks are found buckled at the same 
time, one wonders whether we yet have the whole 
answer especially when it is remembered that 
we used to have “Original sin” buckles between 
the frames in riveted ships which never developed 
as they do in welded ships. Further, it was quite 
common for some builders to adopt frame 
spacing much in excess of the Rules (as much as 
36” in some cases) and yet no trouble was 
experienced with the bottom shell buckling. 


The Author states that in a modern ship in 
ballast, low still water stresses are experienced 
but surely 2°5 tons which was experienced by 
the Liberty ships and caused failure is low. 


STRESSES 


IN SHIPS 


It seems quite clear that in addition to ensuring 
that the stress on the deck is low, it is also 
essential to see that the distribution of the 
material is satisfactory. 


Nothing is mentioned about the stresses in 
tankers but it is presumed that the investigation 
of this subject was deliberately left out of the 
paper. 


The serious nature of such stresses in a 
ballasted tanker can, however, be seen by the 
following example. 


The vessel was transversely framed with two 
longitudinal bulkheads and had 8 centre tanks 
and 4 wing tanks P & S§, i.e., the wing tanks were 
twice the length of the centre tanks. When in 
ballast the deck of the ship buckled. All the 
centre tanks and the two (P & S) midship wing 
tanks were full at the time and on investigation 
it was found that if the ballast in one of the 
midship tanks (P & S) had been in one of the end 
tanks (P & S) (that is instead of having Nos. 2 
and 3 wing tanks full, Nos. 1 and 3 would have 
been full), the still water bending moment would 
have been halved. 


Further, if the ballast in the wing tanks was in 
the two end tanks (P & §), i.e., Nos. 1 and 4 the 
still water stress would cause tension on the 
deck instead of compression and the magnitude 
of the bending moment amidships would have 
been about the same as with Nos. 1 and 3 wing 
tanks filled. 


In conclusion the Author is to be congratulated 
on the interesting paper which he has presented 
to the Association. 


MR. H. R. GIBBS 


Once again we are very indebted to the Author 
for a very informative paper on a subject which 
has been very much in our thoughts in recent 
years, particularly with the advent of welding. 


Notwithstanding the Author’s statement on 
page 1 that he does not intend to discuss welding 
in the paper, I am afraid that I must refer to it, 
because no matter how much one might wish 


to forget all about welding and the stresses it 
causes, we finally have to return to it. 


The Author very rightly draws our attention 
to the presence of still water stress (which I am 
afraid is not usually appreciated) which can be 
of dangerous magnitude, as is cited in the case 
of the ship loaded with phosphate where the still 
water stress was 7} tons/sq. in. 


In addition, the Author’s many investigations 
into the bending moments of ships in various 
[E conditions of loading have shown that where a 
combination of high still water stress and wave 
stress is present, trouble must be expected. 


There is, however, a third factor which the 
Author does not mention except under a general 
reference to welding but which in my opinion 
should be taken into consideration. 


I refer to our old enemy in the welded ship— 
locked up stress—which we do not hear so much 
about these days but which, whether we hear 
about it or not, must always be present in the 
complicated structure of a welded ship. 


I know of at least two major failures which 
may have been caused by locked up stress—these 
were the ‘Schenectady’, which broke in two at 
her fitting out berth, and another American tanker 
to which a similar casualty occurred when lying 
in harbour at Boston. Also, we have all no doubt 
observed personally other fractures during 
construction which happily were not of such a 
serious nature, and no doubt there have been other 
similar failures. 


In the case of the “‘Schenectady”’, I believe Iam 
correct in saying that the fracture was traced to 
defective welding of the stringer plate to the 
sheerstrake in the vicinity of the bridge, but 
enormous initial stress must have been present 
in the all welded structure to cause such serious 
rupture of the deck, bulkheads and shell. 


Supposing therefore that the tensile stress on 
the deck of the “Schenectady” had not quite 
reached the point at which failure would occur, 
if then she had loaded with a bad distribution of 
cargo and proceeded to sea failure might have 
resulted due to adding any wave stress. 


If the Author’s investigations had been avail- 
able, it would have been presumed that failure 
had been occasioned by wave stress (plus still 
water stress if present), the locked up stress being 
unknown, and I submit that the cracking at the 
corner of No. 3 hatchway (which I presume was 
welded) of the ship mentioned by the Author at 
the top of page 5, also the failure of the Liberty 
ships might also come into this category. 


We have therefore three stresses to take into 
consideration, namely: actual, assumed or 
theoretical, and the locked up stress, which is 
a hidden one. 


I should be pleased if the Author could give 
me his opinion on the above remarks, as I must 
confess that I am rather puzzled as to the 
estimation and effect of these locked up stresses 
taken in conjunction with the other stresses. 


In conclusion, therefore, it behoves us all, 
Shipbuilders and Surveyors alike, to endeavour 
to ensure sound design and good welds, and a 
proper supervision of correct welding sequence 
and technique. If we can accomplish this end, we 
will have gone a long way towards the problem 
of solving the failures in welded ships. 


MR. 8. W. BOLWELL 


The Author deserves our thanks for this most 
interesting paper, which forms a useful addition 
to that read by him before the Institution of 
Engineers and Shipbuilders in Scotland in 1947. 


The adoption of the still-water basis for 
comparing bending moments marks a great 
advance in the treatment of longitudinal 
strength problems, an advance for which the 
Author is largely responsible. The great advantage 
of this basis of comparison is that it greatly 
simplifies the work of calculation, especially 
when use is made of the simplified methods 
devised by the Author, so that for the first time 
it becomes possible to determine comparative 
stresses for large numbers of vessels, a state of 
affairs which the immense amount of labour 
involved in the older method absolutely pro- 
hibited. 


The new basis of comparison is not necessarily 
more accurate than the old. The Author argues 
that the wave bending moment (based in the 
classic method on an assumed height and form of 
wave) is in actual practice uncertain, and there- 
fore should be excluded from the comparison, 
but accuracy is not achieved by ignormg 
uncertain factors. I feel therefore that while the 
Author’s method is and will remain most valuable 
as a rapid basis of comparison, our ultimate aim 
must still be the prediction and comparison 
of maximum service stresses. 


The Author’s statement (on page 2) that the 
stresses deduced from the calculated bending 
moment in still water and the modulus of section 
are actual and not nominal stresses requires 
some qualifications. These stresses are of course 
calculated stresses. It is not possible to measure 
by observation the actual stress in still water; 


you have no unstressed basis from which to 
measure the stress in that condition. The only 
way in which the true still-water stress could be 
obtained is by affixing a strain-gauge to a plate 
before it is connected to the remainder of the 
structure, and keeping it in position during the 
launching and completion of the ship. The 
difficulties which would have to be overcome in 
doing this are obvious, and I have no knowledge 
of its ever having been attempted. Perhaps the 
Author would say whether he has heard of it 
being done. 

It might be thought that it would be sufficient 
to fit strain gauges prior to a launch and take 
readings when the vessel is afloat. This has been 
done on several occasions, and in no case has the 
observed stress agreéd with that calculated, 
indicating that stresses have been set up while 
the vessel was on the building berth, owing to the 
elasticity of the ground supports. For example, 
at the launch of the “Queen Mary’’, the stress 
at the promenade deck when the vessel was 
afloat, as measured by strain meters fitted prior 
to the launch, was 1-9 tons per sq. inch tension, 
as compared with a calculated figure of 3-5 tons 
per sq. inch, so that an initial tensile stress of 1-6 
tons per sq. inch was required to reconcile the 
two figures. 


The Author’s refusal to discuss the effect of 


welding in the paper is obviously in order to allow 
him to focus attention on the two causes he 
suggests of greater liability to damage viz., 
change of type, and increased speed. It is 
therefore rather unfortunate that after com- 
paring the behaviour of two ships of different 
speeds, he remarks that there was quite a lot of 
welding in the new ship. Surely to ascertain 
whether the trends he anticipates are being re- 
flected in practice, he should compare all-riveted 
ships with all-riveted ships, or all-welded ships 
with all-welded ships. in order to eliminate the 
effect. of welding. There were before the war 
large numbers of 16-and 17-knot cargo vessels, 
most of them of the shelter deck type. Cannot 
the Author compare their records with those of 
pre-war ships of similar size but lower speed? 
Or, alternatively, compare post-war fast ships 
with post-war slow ships, of which there are still 
numbers being built. I agree with him that 
increased speed probably does give rise to greater 
dynamic stresses. What I am asking is whether 
the evidence really does support this conclusion. 


Again, it is hardly correct to imply that the 
shelter decker is a recent innovation: from about 
1925 onwards the shelter decker has been more 
popular than the three-island vessel. It would 
be interesting to know whether in the years 


1925-1940 there was a greater proportion of 
structural failures in shelter deckers than in the 
three-island type. 


Finally, does the Author consider it either 
practicable or advisable to fit permanent strain 
gauges to ships so that the master can keep a 
check on the still-water stress, and adjust the 
vessel’s loading accordingly? 


MR. R. G. LOCKHART 


It would appear from the Author’s comments 
that the three island type were ships compara- 
tively free from trouble. Would the Author agree 
that the high standard of inertia in way of the 
bridge did much to achieve this? 


I can recall the case of a paddle steamer for 
service on the Indian Rivers. The paddles were 
enclosed in side houses which were continued 
in the form of deckhouses for about 25 per cent. 
of the vessel’s length. The houses formed a 
reasonable superstructure, the inside wall being 
a continuation of the sheerstrake. The ship was 
200 ft. long and the proportion to the upper deck 
was about 22. If the houses were taken as 
effective, in way of these the proportion was 
about 12}. The ship had the misfortune to run 
into the wake of a cargo liner at the mouth of 
the river. The ends twisted in “‘cork screw” 
fashion but so far as the writer knows no serious 
fracture took place. It was thought in this case 
that the houses really did form a “Bridge erection” 
and probably did much to prevent the ship from 
breaking. 


Taking the range of the C.S.S. vessels between 
300 ft. and 450 ft., at what proportion does the 
Author consider transverse framing to be effective, 
and when would he suggest that the builders 
be recommended to adopt longitudinal framing 
at the bottom and upper deck? 


It is rather alarming to learn that a stress of 
2 tons/sq. inch in the still water condition is 
sufficient to corrugate the bottom shell of a 
transversely framed welded bottom; one can only 
deduce that the stress of “initial sin” is very high. 


MR. A. G. HADJISPYROU 


In reading Mr. Murray’s most informative 
paper, it was felt that although the Author does 
not commit himself to any definite figure of a safe 
working still water stress, he does suggest that 
a still water tensile stress of 3-4 tons per square 
inch is an acceptable figure. Since, as it is pointed 
out in this paper, the modern type of cargo ship, 
namely the shelter decker, is replacing the poop, 
bridge and forecastle type, and with increased 


speeds, the more or less permanent hogging 
condition in still water and the rapidity with 
which the modern ship structure appears to 
deteriorate, a reduction in the section modulus 
might result in an increase in the still water 
stress of 0-5-1 ton per sq. inch. This will prob- 
ably cause some structural failure when the 
wave stress is superimposed. Does Mr. Murray 
consider, therefore, that the ruling of the 24 years 
limit for drilling a ship requires some revision, 
especially the drilling of the ship’s structure 
amidships? . 

On page 5 the Author mentions that “In the 
welded ship the process of deformation of the 
bottom plating is facilitated by the fact that 
the thermal stresses induced. by the welding 
have the effect of drawing the plating up between 
the frames..... hd cpr ues this distortion 
is very small in a new ship... . but unfortunately 
only a very slight distortion is necessary to initiate 
further distortion when a compressive stress is 
applied and the process is cumulative.” 


When buckling of the plating does occur within 
the half length in the manner described by 
Mr. Murray what, in his opinion, are the steps 
which should be taken by the surveyor to 
prevent further deformation in future? 


MR. J. T. DEUCHARS 


I don’t think that Mr. Murray has been quite 
fair in his comparison between the poop, bridge 
and forecastle type of vessel and the more modern 
complete superstructure. 


For the same length and draught the C.S.8. type 
has a deeper ship girder than the other, and 
consequently, for the same modulus a thinner 
skin construction. In the P. B. & F. vessel the 
main stiffening members of the hull extend to 
the strength deck, but in the C.S.S. the main 
frames and the bulkheads stop at the second deck. 


This means that it is possible to have no 
adequate stiffening to meet excessive stresses, 
and this may apply between the peaks, and could 
possibly lead to local troubles in the strength deck 
of the C.S.8. 


MR. A. PULLIN 


Most of the comments I intended to make on 
this very interesting and timely paper have 
already been covered by previous speakers but 
“there are a few points which I would like to en- 
large upon. 

In the first paragraph of the introduction to 
the paper the Author states that “welded 
construction appears to be more liable to failures 
in the presence of stress concentrations than 


- 


riveted ships’—I would suggest that it is the 
present design of welded construction at stress 
concentrations which is at fault—In this 
connection I have in mind the full size hatch 
corner test carried out in the U.S.A. in recent 
years and the development of a very efficient 
design which it was practically impossible to 
rupture within maximum working stress limits. 


On page 2 would the Author please explain 
the statement—‘‘allowance has to be made, of 
course, for stress concentration’’—in the still 
water B.M. calculations. 


In citing the case of the 25 year old poop, 
bridge and forecastle vessel engaged in the iron 
ore trade (page 4) as an example of low still 
water B.M’s, is it not a fact that either of the 
two types of vessel under discussion and with 
similar cargoes of ore would have similar still 
water B.M’s? 

The failures in the Liberty ships were, of 
course, very fully investigated and in the vast 
majority of cases the failures could be traced to 
very poor design at discontinuities and to a lesser 
degree bad workmanship. The question of bad 
workmanship which may come to light at a sur- 
vey is of course rather a delicate subject. It is so 
much easier and less trouble all round to blame 
everything on “Heavy weather damage”. There 
is no doubt though that the use of the burning 
torch instead of the old method (in riveted 
vessels) of punching deck plates, at hatch corners, 
is of little assistance in reducing the number of 
fractures which at present beset us. 


The Americans had a small number of ships 
which were always in trouble, so much so that 
they became known as “Lemons’’—I suppose 
it would be over simplifying the position to suggest 
that we as a Society may have our fair share of 
“Lemons”. 

Finally, | would say that whilst accepting the 
Author’s views that the design of the modern 
shelter-deckers tends to increase deck stresses, 
especially in the still water condition, I think it 
is more than a coincidence that the higher 
incidence of fractures in ships has paralleled the 
increasing use of welding in their construction. 


MR. C. J. G. JENSEN 


In dealing with change in design the Author has 
confined himself to the transition from the three- 
island type to the shelter decker. A contributing 
factor to the increases in trouble may be changes 
in structural design, redistribution of material 
and a general tendency to saving in steel weight 
with a consequent reduction in inertia. 


The Author, in his conclusion, has arrived at 
a useful rule of thumb criterion for the safe load- 
ing of ships. He would probably be the first to 
agree that the picture is anything but complete. 
In basing his comparison on still water stress it 
must be remembered that this stress is only a 
part, and the smaller part at that, of the total 
stress experienced in a seaway. The results of 
tests on only two ships at sea can hardly be 
considered as conclusive and it is to be hoped 
that the experiments on the “San Francisco” 
and “Ocean Vulean” are the forerunners to many 
other tests leading to a more comprehensive 
knowledge of the longitudinal stresses in ships. 


MR. G. R. EDGAR 


In his conclusion Mr. Murray makes clear the 
results he has arrived at of the permissible longi- 
tudinal stresses and the latitude which could be 
allowed with them in the modern cargo ship, 
when they are derived from calculated bending 
moments in the still water condition. These are 
valuable figures and I do not doubt represent the 
results of very many cases which have been 
investigated. 

With his suggested method of improvement of 
structure, namely the adoption of longitudinal 
framing on the bottom shell and strength decks, 
general consent will be given in matters of prin- 
ciple. In practice, however, so far as the decks 
are concerned, and these are probably the more 
vulnerable, hesitation is shown in its adoption 
by owners on account of stowage interruption 
and disturbance of well established arrangements. 
These matters are probably not of much 
moment in cargo ships but there are considerable 
difficulties with re-arrangement of ventilator 
trunks and air ducts in passenger and insulated 
ships. The success of past vessels transversely 
framed also sets a brake on change, and the 
publication of examples of practical arrangements 
would apdear desirable. 


Throughout the paper Mr. Murray has made it 
clear that welding plays a large part in what he 
variously refers to as trouble, failures and f ractures 
of modern ships, but is equally clear that he does 
not intend to be drawn into discussion of the points 
involved. 


That we must observe and it does not appear to 
detract from the significance of his conclusions. 


At the same time, if the origin of a fracture 
lies in a defect of welding or in some local fault of 
framing, then such a fracture cannot well be con- 
sidered cause for modifying scantlings generally, 
and the need for local examination before a frac- 
ture is considered serious seems evident. 


The main theme of the paper is the importance 
and significance of still water calculations as a 
standard of comparison of longitudinal strength 
of ships, and agreement can well be given to this 
stripping down of the problem to its funda- 
mentals. As Mr. Murray says, the calculation 
following Johns, with the ship poised in waves 
is a further test under severer conditions and 
departs more from actuality. The concept of the 
steady still water stress with a fluctuating stress 
imposed by the passage of the wave enables the 
position to be visualised clearly and we are in- 
debted to the Author for this clear presentation. 
But in order to be on safe ground that the com- 
parison of still water results is comprehensive, 
it is necessary to be assured that the extra factors 
of load or of varying support introduced at sea 
are such as do not disturb the reliability of the 
still water calculations as a comparison. That 
would appear to be the case and doubtless Mr. 
Murray is satisfied on the point but under chang- 
ing conditions of distribution of load, it needs 
constantly to be under observation. In. this 
regard, however, the ordinary wave calculation 
presents no advantages. 


When in the paper the stresses are referred 
to as actual, it should I think be remembered that 
these are longitudinal stresses only, and account 
is not taken of transverse and local stresses. 
These in association with the longitudinal stress 
form the real actual stress, which is the ultimate 
cause of any fracture occurring. The local stresses 
vary considerably and local discontinuity enters 
largely into their origin. 


MR. A. C. HUNTER 


Mr. Murray is to be congratulated on adding 
this valuable paper on the strength of ships to 
the collection available in the various Insti- 
tutions and Societies, and it is refreshing to deal 
with ordinary ships in the midst of the present. 
spate of tankers. 


Steel ships have been built successfully now 
for some 50 years and the calculations for 
estimating stresses and for measuring stresses 
are fairly standard. 

However, the individuals who do the investi- 
gations seem to differ fairly widely in their 
various results. 


In my opinion, it would be of value to tabulate 
these differing results which various authorities 
arrive at. 

An even more valuable line of research might 
be to investigate and tabulate some of the known 
structural failures especially those ships lost 
through causes unknown but strongly suspected 
to be structural failure. 


Mr. Murray’s confining himself to still water 
conditions gives one a practical and constant 
basis for comparison and a constant basis is 
necessary for making comparisons. 


Longitudinal framing has its obvious advan- 
tages so far as strength and construction are 
concerned, but the necessity of having trans- 
verses, ete., projecting into holds and “tween 
decks does not seem to be popular with ship- 
owners, especially in the case of refrigerated 
ships. 


MR. H. J. ADAMS 


The Author of this paper is In a unique 
position to analyse the stresses occurring in 
modern vessels, and | believe he has fully made 
out his case for using still water B. Mts. as a 
_ basis. We see here some of the results of the 
information regarding loading which we are 
asked to supply to London in certain damage 
cases—a request with which we comply with a 
certain amount of indignation. 


It is pleasing to know that main structural 
failure occurs in a small proportion of the 
Society’s ships, and we must remember that 
attention has been focused on these failures in 
recent years due to the increase of welding. 


BENDING MOMENTS AND STRESSES 


At, first sight it appears that the methods of 


assessing longitudinal strength upon which 
we were brought up have been superseded. 
Actually our B. Mts. formula in a standard wave 


. WL WL. : 
of 35 now becomes about 100 1 still water 


and our stress of 7-8 tons/sq. inch in the same 
condition now becomes 2-3 tons in still water. 


It is interesting to note that speed is now 
acknowledged as a factor in longitudinal 
strength; perhaps in the future the Rules will 
require increased scantlings for vessels of high 
speed. As stated in the paper, wave stresses 
have two components—static due to the relative 
positions of vessel and wave, and dynamic due 
to the relative motions of these. The severity 
of these dynamic stresses was forcibly brought 
home to me when a vessel came in with severe 
deck damage just forward of a long bridge house. 
The captain stated it was the result of one wave 
only which must have struck the vessel under 
the worst possible combination of relative 
positions. Before the wave arrived the vessel 
was undamaged and quite seaworthy—follow- 


ing the wave she was in imminent danger of 


breaking in two. Incidentally, it is clear from 
the Author’s figures—5 tons/sq. inch maximum 
allowable still water stress, plus 3 tons/sq. inch 
wave stress (from the “Ocean Vulcan’ figures) that 
any further increases due to local concentrations 
and due to reduction of strength by corrosion 
will increase the figures so that little margin is 
left for such incidents as that mentioned. It is 
comforting to note that these high wave stresses 
appear to be of infrequent occurrence. One 
point in favour of the Author’s method of using 
still water stress is that while this is unchange- 
able to some degree, the effect of waves and the 
consequent increases can be modified by good 
seamanship. 


REASONS FOR INCREASED STRESS IN MODERN 


SHIPS 


Apart from the causes mentioned in this 
Section, the Author himself brings forward an 
apparently potent factor in the last paragraph 
of Section J—the increased susceptibility of 
welded ships to damage from stress concen- 
trations. (Cross bunkers in Motor Ships.) 


It is noted that most emphasis is laid on 
causing tensile stresses in decks by bad loading 
but, while the damage is not so spectacular, 
considerable deck buckling and weakness can be 
caused by injudicious concentration of cargo 
amidships. This applies particularly to such 
cargoes as iron ore which do not fill the hold 
spaces, in which case some captains will reduce 
the weights in the end holds to give buoyancy 
to the ends and keep the vessel dry. 


RESULTS OF INCREASED STILL WATER STRESSES 


It is noted that Liberty ships sustained 
damage in ballast with relatively low still water 
stresses. It seems probable that the dynamic 
stresses due to severe weather will normally be 
worse in ballast than when loaded. The 
experience of a trial trip in each condition will, 
I think, confirm this. 


Finally, turning to corrugated bottom shell, 
it is suggested the problem is rather more obscure 
than generally appreciated. The first question 
is why riveted bottoms remained fair. I cannot 
believe that they were all perfectly straight to 
begin with and certainly in the case of colliers 
after six months of resting on loading berths 
they may be far from fair. Yet corrugation is 
not progressive if riveting is employed. Is it 
the increased stiffness of welded vessels or have 
we underestimated the longitudinal stiffening 
value of the seams which are virtually small 


longitudinal stiffeners? There is no question, of 
course, that welding does cause initial unfairness 
and probably locks up stresses which are 
gradually released. 


Increasing the thickness of the bottom. plating 
in effect spreads the missing seams over the 
whole bottom where, in my opinion, it is less 
effective. In the last sentence of his paper the 
Author reiterates that “ nothing but good can 
come of the substitution of longitudinal for 
transverse framing at the bottom and deck ”. 
| would go further, and if | may venture to 
prophesy, I believe that the only effective means 
of preventing these corrugations will be found 
to be the use of longitudinal framing. 


I should like to express appreciation of the 
work which has gone into the paper which 
provides considerable food for thought and to 
thank the Author for putting the information 
contained so concisely and clearly. The Author 
apparently attaches great importance to the last 
paragraph. I agree and fully coneur in its 
contents. 


MR. M. M. PARKER 


I want the Staff. Association to realise how 
privileged it is to hear this paper. As the 
President has already said, Mr. Murray is possibly 
the greatest authority on the longitudinal 
strength of ships; his reputation is now inter- 
national. In the last few years he has revolu- 
tionised the philosophy of the subject. His new 
method of calculating Jongitudinal bending 
moments has reduced the labour of weeks to the 
work of a day, without loss of accuracy. His 
realisation of the importance of still water stresses 
has largely removed the problem of strength 
from the region of make-believe to that of fact. 
Finally, his clear-headed understanding of what 
has happened during the last two or three decades 
is an original contribution towards the solution 


‘of the problems facing the Profession today. 


Mr. Murray is probably one of the few Naval 
Architects who can see both the trees and the 
wood; this paper gives us an unpalatable picture 
of the wood, especially from the point of view of 
a Classification Society. I have an uneasy feeling 
about the whole business, a suspicion that since 
my boyhood ships are getting worse—and this 
in spite of a terrifying increase in scientific 
knowledge. When I graduated I thought I had 
at least a nodding acquaintance with every branch 
of the Naval Architecture then known. The old 
“Mauritania” and the “Lusitania” had been 
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completed, and the ““Aquitania” was fitting out: 
were there ever finer ships? Three-island tramps 
were being launched on the Tyne at the rate of 
one a day. 


Since those days knowledge and _ scientific 
research has been steadily piling up until, I 
suppose, it is impossible now for students to 
have more than a smattering of the total of 
Naval Architecture which is known. 


Yet in spite of this great increase in knowledge, 
we seem to have arrived in mid-twentieth century 
at a state of affairs in which a Naval Architect 
‘annot guarantee that a ship will be free from 
main structural damage unless it is judiciously 
loaded. This is not altogether his fault; it is 
caused largely by changes in fashion in shipbuild- 
ing which are dictated by circumstances of trade 
and other causes outside the control of the Naval 
Architect. Nevertheless, it is undoubtedly a 
failure of the Profession to meet the demands 
upon it. 


Fortunately, Mr. Murray has provided a partial 
answer to this difficulty. He has invented an 
instrument which indicates by simple mechanical 
means whether a proposed loading is safe or 
dangerous. 


But sooner or later this structural problem 
must be structurally solved by Naval Architects 
and not left to shipmasters and stevedores. I 
believe it can be solved without undue increase 
in weight; I believe it ought to be solved. 


One other point: I have felt for years that there 
ought to be a factor for speed in the deter- 
mination of seantlings. It seems absurd to build 
a ship of 15 knots with practically the same 
scantlings as one of 12 knots, of the same size; 
the 15 knot ship would have say 75 per cent more 
power and 25 per cent quicker reversal of stress 
which would surely result in differences in lability 
to failure. In the old days there was probably 
enough margin of strength to cover these differ- 
ences but Mr. Murray’s paper shows that there is 
no such margin now. 


MR. T. JAROSZYNSKI 


Having had the privilege of working with 
Mr. Murray for some years now, I have absorbed 
some of the ideas embodied in this paper, and have 
used them as a matter of course in solving every- 
day problems. I do remember, however, how 
surprised I was when confronted for the first time 
with the idea of still water bending moments, 
which is such an obvious, clear and convincing 
method of investigating longitudinal strength. 
I am sure that many of my colleagues will feel 
the same when reading this paper for the first time. 


Generally, in engineering, stress is considered 
as a definite criterion of strength, but for several 
reasons, shipbuilders rely more on experience and 
successful practice in strength investigations. 
This paper shows clearly that changes which 
have taken place in the design and construction 
of ships call for a more progressive and scientific 
approach to the problem of longitudinal strength. 
The results of full size tests on ships to which 
Mr. Murray refers provide a wealth of scientific 
information, but practical application of know- 
ledge so gained is left generally to the Classifi- 
cation Societies as far as merchant shipbuilding 
is concerned. Accounts of successful—and 
Surveyors’ reports on “‘less successful’’—practice 
in construction and operation of ships had to be 
re-examined in the light of our increased know- 
ledge, and this paper gives an idea how Mr. Murray 
tackled this problem and what his findings are. 


Reading this paper, one gets the impression 
that although we have made considerable progress 
in understanding the problem, we cannot, at this 
stage, interpret strength of ships in terms of 
stress alone. Mr: Murray tells us that still water 
stress has to be related to the type of ship and 
condition of loading, that is, whether the ship is 
fully loaded or light, and finally to the speed and 
form of the ship. I am sure that our more engineer- 
ing minded colleagues will ask why this is so. 
One is at least surprised to find that our Rules 
allow for the longitudinal stress to be much higher 
in the shelter deck type than in a full scantling 
three-island ship, although it has been shown 
that the structure of most ships behaves in a 
similar manner. Perhaps Mr Murray could tell 
us why the Society’s Rules seem to be somewhat 
illogical here. It is of some significance that the 
Society’s revised Rules require heavier longi- 
tudinal scantlings for the shelter deck type. 


Full scantling and shelter deck ships are two 
distinct types of design. One of the differences 
lies in the different arrangement of cargo spaces 
and relative displacement which results, as Mr. 
Murray says, in a higher hoggitig moment. 
However, even in the shelter deck type the 
arrangement of cargo spaces may vary con- 
siderably, and a modern high speed cargo liner 
with cargo space in the forecastle, accom- 
modation amidships, and raised shelter deck in 
way of the aftermost hold will have a con- 
siderably higher bending moment than those 
quoted by Mr. Murray. 


In a ship of this type recently investigated, 
loading with homogeneous cargo results in a 
still water stress of 5 and 4 tons/sq. inch in the 
upper deck and keel respectively. When rela- 
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tively lighter refrigerated cargo replaces the 
homogeneous one in the midships holds, the 
longitudinal stress will be further increased by 
4 ton/sq. inch. This class of vessel suffered 
considerable buckling of bottom shell, which is 
wholly welded, and there is no doubt that apart 
from welding, high hogging stress is responsible 
for this trouble. 


It is obvious that the Society’s Rules must be 
formulated to allow for a wide range of longi- 
tudinal stress which will correspond to a different 
design and loading of the ship. Since, however, 
the loading of the ship varies from voyage to 
voyage, the freedom from structural troubles 
rests to a great extent with the captain, and 
any aid enabling him to assess quickly a proper 
distribution of cargo would at least minimise the 
risk of major structural failure. Perhaps I may 
be allowed to say here that Mr. Murray has 
invented such an instrument, and we can but 
hope that the shipbuilding community is en- 
lightened enough to appreciate the poten- 
tialities of this device. 


Mr. Murray makes reference in this paper to 
the corrugated bottoms in transversely framed 
ships. We all know that immediately after the 
last war, and to a lesser extent today, this was 
a problem of great concern to the shipowners 
and hence to the Society. Perhaps it may be of 
some interest to comment briefly on the experi- 
ments referred to as “double bottom compression 
test’? which have been initiated by the Society 
to investigate resistance to buckling of riveted 
and welded ships’ bottoms. 


When welding was first introduced into ship- 
building on a large scale it was claimed that 
considerable saving of weight would result from 
the omission of connecting angles and faying 
flanges. It was soon realised, however, that 
resistance to buckling of panels of plating in 
welded construction would be reduced and the 
Society required some increases in scantlings 
on that account. Several reasons were advanced 
to explain the lower resistance to buckling of 
welded panels but a satisfactory explanation 
could only be found by investigating this 
problem: experimentally when the strains and 
deflection of a panel could be observed. Four 
series of experiments have now been completed, 
and the broad conclusions could be summarised 
as follows: 


(1) The principal factor reducing the buckling 
strength of a welded panel when compared 
with a riveted one is the initial deflection 
caused by the contraction of fillet weld 
along the supporting boundaries. 


(2) The initial deflection is a major factor 
determining the magnitude of stress and 
load carrying capacity of similar panels 
under compression. 

(3) The degree of initial deflection of the panel 
in riveted construction has little effect on 
the efficiency and strength of panel up to 
the load which the panel will have to 
withstand as a part of a ship’s structure. 


(4) The failure of any panel of plating 
Supported at its boundaries commences 
when the stress on the surface of the plate 


reaches yield point. 


~ 


The ultimate criterion of the failure of any 
structure incorporating panels of plating 
is the failure of the members supporting 
the panel. Until this point is reached the 
deflected panel will always carry a certain 
proportion of total load. 


— 
or 
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A panel with welded connections and the 
same degree of initial unfairness as a 
riveted one should have a high buckling 
strength due to the greater constraint at 
the boundaries of the panel, 


Since welding has come to stay in shipbuilding 
and saving of steel is today as important as ever, 
all increases in scantlings in welded construction 
should be kept to a minimum and hence the 
problem of corrugated bottom is a very impor- 
tant one. It could be overcome, as Mr. Murray 
suggests, by longitudinal framing or by some 
combination of longitudinal and transverse 
framing, but even with the orthodox transverse 
framing great improvement in resistance to 
buckling could be obtained by reducing initial 
unfairness of the plating. When the initial 
unfairness in a new ship has been found to be 
appreciable it may be advisable and more 
economical to accept and face this unpleasant 
fact and fit some stiffening before the ship is 
put into service and corrugations greatly increase. 


The adoption of longitudinal framing at 
bottom and decks of cargo ships, which 
incidentally is accepted as a rule in petroleum 
tankers, would result in more efficient distri- 
bution of material in ships’ structures and 
eliminate buckling of decks and bottoms. There 
are a few reasons why longitudinal and com- 
bined system of framing in cargo ships is not 
looked upon with favour by shipbuilders and 
shipowners, but recently I heard that a further 
deterrent is the greater weight. One would think 
that longitudinal framing heing a more efficient 
type of construction should result in a lighter 
ship, but if this is not the case. should not the 


Society's Rules be slightly revised to encourage 
development in what is obviously the right 
direction? Perhaps Mr. Murray would give us 
his opinion on this point. 


Finaily, I would like to thank Mr. Murray for 
this excellent paper, which I am sure will prove 
to be of great interest and value not only for 
Surveyors in this office, but also in the most 
remote outports overseas. 


MR. R. P. HARRISON 


Mr. Murray’s paper illustrates clearly how such 
factors as design, loading and speed influence the 
longitudinal stresses in ships. 


In the category of design, an interesting point 
which I think worth mentioning is that where 
a ship hogs or sags in the homogeneous loaded 
condition any overall saving in steel weight will 
adversely effect the still water bending moment. 
For example, where welding is adopted in place 
of riveted construction an economy in_ steel 
weight of some 10-15 per cent will have been 
effected and this saving will increase the still 
water bending moment by virtue of its being 
added to the cargo deadweight, of which the 
mean centre of gravity will be further from, or 
closer to, amidships according to whether the 
ship hogs or sags. Admittedly the increase in 
this case will be small, and unlikely to effect the 
stress by more than <1] ton/sq. inch, but serves 
to show how the longitudinal stresses can be 
augmented by what at first appears to be a total 
gain. 

The Author has referred to the question of 
judicious loading several times in the paper. 
This led me to think of the association between 
high still water stress and deflection of the hull 
girder. Using information gained from the “Ocean 
Vulcan” experiment I estimated the change of hog 
for a hypothetical 400 ft. shelter decker with 
machinery amidships where the tensile deck stress 
was assumed to have been reduced from 5 tons/sq. 
inch to 2 tons/sq. inch by judicious loading. The 
improvement in loading had the effect of approxi- 
mately reducing an initial hog of 3 inches to 
1 inch. 


In this type of ship a reduction in hog of 
2 inches at the extreme loaded condition would 
mean a loss in deadweight of about 60 tons, but 
I feel sure that this partial sacrifice will be worth- 
while to help eliminate structural troubles. 


It will be seen, however, that in the case of a 
ship, say with machinery aft, which tends to sag 
in the homogeneous loaded condition a dual gain’ 
will result: from careful loading. 


A matter which I find rather disconcerting and 
upon which the Author’s opinion would be appye- 
ciated, is that in the paper no mention has been 
made of increase in bending moment which 
could result from adverse bilging, such as a vessel 
with a hogging moment being bilged at the ends 
or the converse, one with a sagging moment 
being bilged amidships. This increase to the still 
water bending moment might be such as to reduce 
the chance of survival of a number of ships, which 
even in the intact condition are now showing 
signs of approaching some upper limit. Where 
a high still water stress can be anticipated prior 
to a ship being built, can the question of adverse 
bilging be used as an additional argument for the 
fitting of longitudinal framing at deck and 
bottom, which I believe in many cases under the 
present rules would give a slightly greater section 
modulus than the corresponding transverse 
system? 


MR. T. NELL 


This is a paper of topical interest and the 
Author’s statement that stresses sustained by a 
ship at sea can be resolved into a determinate 
still water stress, and a stress superimposed due 
to the action of the waves appear to be justified. 
It also implies, however, that if the still water 
stresses are to be a minimum, owners and builders 
should now pay more attention to structural 
design rather than to form, as, in general, present- 
day ships are of efficient form. 


In the first paragraph of his conclusion the 
Author poses the question ‘What is a reasonable 
stress, and what latitude may be allowed?”’, but 
then states, in effect, that this question cannot 
be answered. Whilst the reasons for this are 
appreciated, it seems typical of all research 
related to the science of shipbuilding, and one 
remembers from student days that most 
formule encountered always started off with some 
assumption and never anything factual. This 
leads one to wonder whether the Plans Depart- 
ment should not take a more practical view of 
some of the problems and bother less about -Ol’s. 


In the last paragraph the Author advocates 
the adoption of longitudinal framing, and. with 
this I am in entire agreement. Unfortunately, 
the solution is not as easy as it appears. In the 
first. place, the shipbuilding industry is governed 
by prejudice and practice. Each builder believes 
that he builds the best ship in the manner most 
suited to his yard. Any drastic variations 
of procedure are viewed with suspicion and 
almost contempt, particularly if the Classifi- 
cation Society proposes the idea. One of 
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the most important men in the shipyard is 
the chief draughtsman, and, in general, his ideas 
are those incorporated. While the owners’ 
superintendent, the yard manager or even the 
surveyor expound their ideas, the chief draughts- 
man can always find many reasons for not adopt- 
ing them if they do not conform to his own ideas. 


If the large ship-owning companies can be 
persuaded to adopt the longitudinal system, 
their wishes will be carried out by the builders, 
and may eventually lead to the general adoption 
of this system of construction. 


In the case of tramp shipping, however, unless 
the chief draughtsman can be convinced that a 
saving in steel weight can be achieved, it would 
appear that there will not be any large-scale 
swing-over to longitudinal framing. Therefore, 
if Mr. Murray could give figures for any saving 
in steel weight in the average 9,000—10,000 
ton tramp, it would be valuable information to 
a surveyor discussing alternative methods of con- 
struction. 


MR. G. M. BOYD 


As the experienced paper-reader that he is, 
Mr. Murray clearly understands the value of 
discussion, and he also knows the way to provoke 
it. In the present case he has used the subtle 
device of issuing a challenge and at the same time 
declining to defend it. 


On page | he attributes much of the trouble in 
modern ships to two factors, the first of which 
he discusses at length, and the second of which, 
apart from some references on pages 5 and 6, he 
declines to discuss. 


Now I must remember that I am discussing the 
paper as a whole, so I will not raise a side issue on 
welding, nor will I attempt a defence of this much 
maligned but none the less rapidly spreading 
method of construction. However, I feel impelled 
in justice, to remark that the many bogeys that 
beset welding at its outset are being progressively 
laid by persistent research and education. It is a 
fact of history that each great advance in tech- 
nique has suffered in the same way, including the 
introduction of iron and later of steel into ship 
construction. Certainly, such steps in progress 
bring their problems with them, but these are 
faced and overcome in time. 


The old bogey of “locked up stresses” has been 
well and truly laid, at least to the satisfaction 
of those who have taken the trouble to study 
this aspect thoroughly, and it is no longer fashion- 
able to blame them for the fracture of ships. 


The paper is extremely important, since it 
reveals some slow, subtle changes which have 
crept into ship design, and it is highly creditable 
to Mr. Murray that he has spotted these at a 
relatively early stage. It is only by such constant 
vigilance that the Rules can be made to keep 
pace with progress. 


With regard to the figures from the statistical 
strain gauge, mentioned on page 2, [ think it is 
well to point out that the stress figures quoted 
are ranges of stress variation. The frequencies 
for the higher ranges are more reliable than those 
for the low ranges. In the paragraph below the 
table he says that half the range should be added 
to the still water stress. This is only approximately 
true, and it would be safer to take a higher figure, 
say 2/3 of the range, owing to the particular 
method by which the instrument records ranges. 


I might cite an even more subtle reason for the 
increased stresses in modern ships. This is the 
trend towards reduction in weight, which entails 
whittling down the “factor of safety’, which is 
of course only a “factor of ignorance’. This also 
is a progressive trend, and the result of the 
diminution of ignorance consequent on research 
and experience. The greater understanding of 
the science of strength of materials brought 
about by modern investigations on this subject 
will no doubt accelerate this trend. 


The final recommendation in the paper, 
advocating longitudinal framing will be widely 
recognised as a long overdue logical development. 
The main stresses are longitudinal, and therefore 
the main strength members should run longi- 
tudinally. 


MR. 8. ARCHER 


This characteristically original paper from 
Mr. Murray must undoubtedly provoke vigorous 
thought and discussion among his ship colleagues. 
Nevertheless, there may be some engineers who 
like the writer, are tempted to enter the arena by 
the very novelty of the author’s views and their 
lucid presentation. 


In the introduction it is stated that a proper 
perspective must be observed in regard to the 
incidence of failures in the main girder of cargo 
ships. Could the Author confirm that the majority 
of these failures have occurred in vessels of 
substantially similar size and type, i.e., shelter 
deckers of 400-450 ft., either partially or wholly 
welded? Further, although the percentage of 
such failures may be low in relation to the total 
of classed ships, would it be injudicious to ask 
what the percentages are on the basis of the total 
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number of classed shelter deckers of the foregoing 
range of lengths (a) total, riveted and welded; 
(b) welded, or mainly welded, only? Similar 
information on the incidence of wavy bottoms 
might also be illuminating. Bearing in mind the 
presumably considerable increase in tensile deck 
stresses brought about by undulations in the 
compression fibres of the double bottoms, are there 
any statistics to show whether main girder rupture 
failures have been invariably associated with 
a severely corrugated bottom? 


Was the “San Francisco” all-welded as was the 
“Ocean Vulean” and are the still water stresses 
available for the same condition as when recording 
the storm stresses’? The still water stresses for the 
“Ocean Vulcan” on the voyage when the highest 
storm stresses were recorded might also provide 
interesting comparison. 


The statistical strain meter figures on page 2 
give no hint as to the relative amount of tensile 
and compressive stresses comprising the total 
stress ranges listed. Was it therefore justifiable 
to add the still water stress to one half of the stress 
range figures? 


In comparing the three-island and shelter deck 
types on page 3 was the 50 per cent greater deck 
stress in the latter due to differences in I/y or 

Ax =) 
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Presumably the comparison made by the Author 
was based on the 1920 Rules in each case. 
Could he state what would be a comparable aver- 
age stress for a modern shelter decker, (a) riveted 
and (b) welded? Would it be right to assign 
equal still water stresses to riveted and 
welded sister vessels respectively? 


to lower bending moment factors ( 


The writer feels there is considerable similarity 
between Mr. Murray’s still water stress basis and 
the steady stress basis adapted for the sizes of say, 
steam turbine propulsion shafting. It is known 
that in heavy weather owing to variations in 
propeller immersion, stress variations of up to 
+ 50 per cent of the mean stress can easily occur 
in the propeller shafting of such ships. No 
engineer would think of basing his shaft sizes 
upon an arbitrarily assumed addition to the 
steady stress caused by external influences of 
wind and weather, and this after all is what the 
standard wave calculation for a ship’s hull 
amounts to. 


Ideally, of course, it must be admitted it would 
be desirable to take account of the fluctuating 
component, particularly where its magnitude 
is large relative to the steady component and 
where, in consequence, the criterion of failure 


may be fatigue strength. It is generally assumed 
that the influence of mean stress in reducing 
fatigue stength does not begin to be really 
significant until its value approaches that of the 
semi-range of dynamic stress. In this connection 
it would be interesting to know whether in the 
known cases of main girder failures the fracture 
has been mainly of the fatigue type, without 
much necking or reduction of area, at least in the 
region of the initial cracks. 


Until much more is known of the dynamic 
stresses induced in ship’s structures and the 
influence thereon of length, structural type, and 
distribution of cargo, it does seem that the most 
reasonable course open to designers is to select 
a sufficiently low value for the standard “half 
burnt-out”’ still water stress, as proposed by Mr. 
Murray, so that irrespective of the worst efforts 
of man (e.g., incorrect loading or over-driving 
in heavy weather) or of the dynamic stresses from 
storm waves, no trouble will ensue and_ here 
presumably different basic stresses (or factors 
of ignorance) may be necessary for riveted and 
welded constructions, respectively. 


MR. E. F. WOOD 


I suppose I am a stranger in the camp, being 
more concerned with warship design than 
merchant ships, but as far as building safe ships 
is concerned the interests of Lloyd’s and the 
Admiralty are very much the same. 


It is very interesting to be present at discussions 
such as these, to be on the inside of the merchant 
shipping world, and to see at first hand how our 
colleagues tackle such problems. I am particu- 
larly fortunate in serving at Lloyd’s when an 
effort is being made to change the basis .of 
merchant ship strength calculations, and 
particularly to be in Mr. Murray’s group and to 
be making the new investigations first hand. 


At the Admiralty we employ the standard 
bending moment calculation, balancing our ship 
on a trochoidal wave equal in length to the 
length between perpendiculars, and of height 
one twentieth of the length. I hope to make some 
effort on my return to Bath to apply still water 
bending moment calculations to warships to 
see if some similar simplification of the problem 
can be made, and to cut out some of the laborious 
computation involved in balancing a ship on a 
wave. 


I note the stress laid by Mr. Murray, and 
several speakers, on the adoption of a longitudinal 
system of framing in large merchant ships, 
and am in full agreement with their point of view. 
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Large warships have been built on a longi- 
tudinal framing system for years. The principal 
stresses to which a ship at sea is subjected are 
longitudinal and therefore it seems logical to give 
pride of place to the longitudinal framing. | 
must make it clear that when we speak of longi- 
tudinal framing we mean longitudinal, and the 
transverse frames all give way to the all important 
fore and aft members. We would not be satisfied 
with longitudinals broken at bulkheads, with 
some effort made to preserve continuity by 
brackets. I think that in advocating longitudinal 
framing, Lloyd’s should at the same time press 
for the continuity of longitudinals and the 
abandonment of the present half-hearted bracket 
connections at bulkheads. 


There is a further point in the Admiralty method 
of strength calculation. When dealing with large 
ships, we still use the standard wave, although 
we know that waves of such lengths and heights 
are most unlikely. To give recognition to this 
fact, when deciding on the permissible value 
of the comparative stresses, we are prepared to 
accept a somewhat higher stress in the long 
ships than would be acceptable in small vessels. 
There seems to be a place for this idea when 
applying still water stresses to some of the 
recent large tankers of 700 ft. or so. As shown 
by Mr. Murray the wave part of the bending 
moment tends to provide a constant stress value, 
and therefore in these large tankers we should be 
able to allow a higher still water stress than has 
so far been considered satisfactory for smaller 
ships. I would be interested to hear Mr. Murray’s 
views on these points. 


MR. P. D. FRASER-SMITH 


In justifying the adoption of still water stress 
as a basis for comparing the strength of ships, the 
Author states that every ship will probably 
experience at one time or another wave stresses 
of the maximum intensity. However, it seems 
possible that the modern cargo ship may be liable 
to greater wave stresses than her slower and fuller 
counterpart due to the effect of slamming. 


Kent attributes the phenomenon of slamming 
to the sudden pressure changes which take place 
around the hull of a ship when it heaves and dips. 
For instance, curve A (see diagram page 21) 
represents the calculated pressure curve at the 
fore-end of a typical slow-speed cargo vessel. It 
will be seen that in this case there is a rapid 
drop in pressure at about {L abaft the fore 
perpendicular. When such a vessel dips, however, 
the lower streamlines spread outwards and the 


area of positive pressure forward tends to 
move aft and invade that part of the hull 
previously occupied by negative pressure. 
The effect is that of a sudden impact on this 
area of the hull, the magnitude depending 
upon the rate of change pressure, i.e., upon the 
slope of the original pressure curve and the 
resultant velocity of the vessel. Moreover, in 
this case the impact occurs in such a position as 
to cause a sagging moment (see diagram). 


Taking now the case of the faster modern cargo 
ship, the pressure distribution along the hull is 
altered considerably and may be similar to that 
shown by curve B. Due to the increase in speed 
and the finer hull form, the area of negative 
pressure is much further aft than in the 
previous case and the slope of the curve is not 
so great. When a ship of this type dips, therefore, 
and the area of positive pressure spreads aft, 
the change of pressure will not take place quite 
so quickly. However, the difference in rate of 
change in pressure will not be so marked as is 
indicated by the forms of the respective curves, 
on account of the higher speed and the con- 
sequent greater heaving amplitude in this case, 
and it is still possible for a considerable impact 
to result. Moreover, in this type of ship, the slam 
will occur near amidships and will tend to hog 
the vessel. 


The value of the stress induced by a slam is 
difficult to evaluate theoretically, but according 
to the calculated pressure curve for the fast cargo 
ship, the change in pressure would he of the order 
of 400 lb./sq. ft. over a period of about one second. 
Using these values in Lockwood Taylor’s theory 
of bending moment due to impact, it appears 
that such slamming would cause a tensile stress 
in the deck of a typical 400 ft. ship of about 
2 tons/sq. inch. 


The position of the ship in relation to the 
wave when the slam occurs will depend upon the, 
effective natural period of heave of the ship and 
it is possible, therefore, particularly in a confused 
sea, for the slam to coincide with the maximum 
wave stress. 


It therefore seems possible that slamming is 
another factor in the greater tendency towards 
structural failure shown by the modern cargo 
ship, for if a hogging moment due to slamming 
were to be superimposed on already large hogging 
moments due to buoyancy and cargo distribution, 
the total stress might well exceed the critical. 
In the case of a tanker, which usually tends to 
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sag in the loaded condition, the bending moment 
due to slamming would produce the worst 
effect in full formed ships where the slams would 
occur furthest from amidships. 


Finally, the phenomenon of slamming might 
be used to explain cases such as that quoted by 
the Author where a 12 knot ship suffered severe 
cracking in the deck, while an older 10 knot 
ship, similar in other respects, was com- 
pletely free from trouble. Under similar weather 
conditions, the faster ship would have the greater 
heaving amplitude so that it would be more liable 
to heavy slamming: moreover the pressure dis- 
tribution in the case of the faster ship would be 
such as to cause any slams to occur nearer amid- 
ships and the hogging moment would thereby 
be increased. 


MR. H. DICKERSON 


I conclude that the Author prefers the still 
water bending moment method of investigating 
stresses on account of it being easier to apply than 
the calculation of the actual B.M. on a wave and 
that he does not contend that it gives more 
accurate results for purposes of comparison. 


In cases of normal loading, in my view, it is 
doubtful whether there is anything gained by 


using the still water method in preference to 35 


which more nearly approaches to actual con- 
ditions in service. If the bending moment is 
determined on the latter basis for the ships given 
in the second table on page 7 of the paper, the 
variations in the range of the resultant stresses, 
compared with those given in the table, are not, 
I think, sufficiently great to warrant a claim 
that the still water B.M. method is the more 
reliable, especially when it is remembered that 
all the stresses are of comparative value only for 
a ship’s complex structure. 


I was very pleased to read, on page 8 of the 
paper, a reference to the possible effect of 
slamming. 


Some years ago | was privileged to make four 
transatlantic passages in a cargo vessel with the 
main object of observing the behaviour of certain 
parts of the structure unconnected with longi- 
tudinal strength. Advantage was taken of this 
opportunity to endeavour to measure by means 
of a strainmeter, the longitudinal strains on the 
upper deck stringer plate. 


The strainmeter indicator pointer worked over 
a scale the range of which had been determined 
to cover any strains that might reasonably be 
expected. 


The weather during the voyages was not bad 
and normally the strainmeter functioned well 
within the range of the scale as had been antici- 
pated, with resultant reasonable stresses. At 
times, however, when a confused sea was encoun- 
tered, the ship pounded heavily with an accom- 
panying loud report and at the same time, the 
pointer on the strainmeter oscillated violently, 
the initial oscillation being well beyond the normal 
range observed on the scale of the instrument 
and too quick to measure. This experience was, to 
me, reliable evidence that the pounding, or slam- 
ming, very appreciably effected the longitudinal 
stresses amidships which must have been much 
in excess of the five tons per sq. inch referred to 
in the paper in connection with the “San 
Francisco” and “Ocean Vulcan”. 


MR. J. B. DAVIES 

Mr. Murray has given us a remarkably clear 
and concise paper on a very topical subject. 
The method of separating the still water B.M. from 
the wave B.M. allows the maximum stress being 
evaluated much quicker than by the classical 
method of balancing the ship on a trochoidal 
wave and also does away with many of the trials 
and errors of the latter method -besides the risk 
of getting the wave curve upside down. 


Regarding the changes in type of ship since 
the 1920s an examination of the vessels built 
to the Society's class in Sweden shows that only 
six full scantling vessels have been built during 
the last twenty years and none are now under 
construction or projected. The present trend here 
is towards increasing the cubic capacity either 
by arranging a step about 3 ft. high in the shelter 
deck forward and aft or by fitting a long forecast le. 
The most extreme cases are probably two classes 
of unusually fast cargo liners having long 
forecastles, V sections forward with pronounced 
flare giving a large capacity at the fore end and 
a refrigerated hold forward of the engine room. 
In the light of the knowledge gained in the last 
few years it is perhaps hardly surprising that these 
vessels have suffered from corrugated bottom 
shell. The practice of arranging the refrigerated 
hold immediately forward of the engine room is 
probably nearly as bad as having a very large 
deep tank in this position, and in the latest designs 
from one yard this has been moved forward 
with a small general cargo hold between the 
refrigerated hold and the motor room. 


The Author remarks on the increased speed of 
the modern cargo ship and it may be of interest 
to add that the majority of cargo ships building 
here have a B.H.P. between 4,500 and 6,000. 
With the present port delays it is only to be ex- 
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pected that this power will be used to drive the 
ship into seas in weather conditions such that the 
old 2,500 H.P. vessel would have had to ease 
down. In view of this it is suggested that the 
critical still water stresses given by the Author 
might well vary with the speed or speed-length 
ratio and it would be interesting to know if any 
evidence regarding this can be obtained from 
the cases investigated. 

Longitudinal framing is undoubtedly the 
answer to the corrugated bottom problem and is 
being increasingly adopted. Unfortunately it 
is not so easy to persuade builders to arrange 
longitudinal framing at the deck for the owners 
object to the difficulties in stowage caused by the 
transverses. However, the transverses can be 
kept reasonably shallow if they are relatively 
closely spaced and associated, if necessary, 
with a girder outboard of the hatchway. 


While the surveyor can do little regarding the 
stowage of the cargo beyond a few words of advice, 
could not consideration be given to the issue 
of a circular on this subject similar to that 
recently issued regarding the loading of tankers? 


MR. A. G. AKESTER 


I like Mr. Murray’s opening and almost 
monastic picture of surveyors “meditating on 
their reports” and would hate to disillusion him, 
but really I think few are written except 
against time and during many interruptions 
and distractions. Indeed most reports I have 
read and written bear evidence of this. All the 
more reason, therefore, why they should be 
carefully sorted and analysed afterwards in the 
calm atmosphere of the Author’s and Mr. Boyd’s 
dissecting rooms. There is, however, just the 
danger here that, as only casualties pass into 
these wards, a somewhat distorted view of 
things may result. It should be borne in mind 
also that cases of structural failure are recorded 
and examined in greater detail today than ever 
before and that tonnage afloat has increased 
enormously in recent years, nor can the cumu- 
lative effects of strenuous war service be dis- 
regarded. It is reassuring therefore to know 
that such failures as have occurred in the main 
girder of cargo ships represent a very small 
proportion of the ships classed by the Society. 
Nevertheless, such failures can be most 
irritating, costly and time wasting. 


The Author’s suggestion of the adoption of 
the still water stress as a basis for comparing 
the strength of ships has much to commend it, 
though a lot of persuasion will be necessary 
before it is generally accepted. There is always 


a doubt, unfortunately, about the short cut. 
I know this was so in the case of subdivision 


and I think the standard official method remains - 


popular if only because, under certain conditions, 
the ship is treated a little more generously that 
way. We have accustomed ourselves to certain 
comparative values of stress and if 2-4 tons/sq. 
inch were to be the measure in still water then 
we would be half inclined to look upon this as 
negligible. 


When reading through the paper I put a 
query alongside the statement that the section 
modulus of a twenty-five years’ old poop, 
bridge and. forecastle ship could be reduced 
through wear and tear and general corrosion 
without producing any increase in the liability 
to damage. This may be so in a very narrow 
and particular sense. Apart from having little 
still water bending moment in the load condition 
this iron ore carrier, taken as an example, may 
have been lucky. I seem to remember when I 
was in Head Office examining several iron ore 
carriers some of which had given trouble and 
they were not twenty-five years old, but they 
may have been of the shelter deck type. 


The Author suggests that change in design 
from the poop, bridge and forecastle ship to 
the shelter deck type is the root cause of our 
troubles. I think this is much over simplified. 
What about material, wider frame spacing, 
omission of hatch corner pillars and many 
details of construction not forgetting welding — 
all these I feel sure play their part. 


It is something new to look upon the double 
bottom area of a cargo ship as a weak spot as 
we now do in the case of the transversely 
framed ship having floors welded to the bottom 
shell. When an inch thick keel plate could be 
set up 12 inches between the side members of the 
duct keel as happened recently in a big ship, 
and this be attributed to pounding, one could 
well be pardoned for wondering whether any 
economic structure could withstand the sea in 
certain moods. 


As for corrugations on deck, these come and go. 
Since the ““Rockpool” case, many a time have | 
looked along a bridge when standing on the 
access ladder and noted unevenness. We have 
just put a girder to a bridge deck with the 
vessel afloat although the waviness was hardly 
noticeable. In dry dock, however, this was 
reported to be much in evidence, and on that 
account the girder was recommended. 


This paper makes a strong plea for the ship 
longitudinally framed at bottom and deck and 
I do not think anyone will disagree with this 
objective. 


I have asked yard managers if there is any 
difficulty in the way of adopting longitudinal 
framing and they do not think so. In fact many 
cargo ships of this type have been built and, in 
the case of one I know built at Greenock, 
special instructions were given the master to 
try out his ship in the roughest weather 
possible and this he did with entirely satis- 
factory results. 


It may be that the owner rather than the 
builder has to be encouraged to accept longi- 
tudinal framing and I feel this could be done 
if only the deep transverse beams were omitted 
at the deck thereby eliminating the possibility 
of broken stowage. 


MR. A. E. HEAP 


In tendering thanks to Mr. Murray for his 
paper and for travelling up here to explain and 
amplify it in such a lucid manner, I should like 
also to express relief at finding a paper with 
the title “Longitudinal Stresses in Ships” so 
free from abstruse calculations, mathematical 
symbols and_ hieroglyphies. 


The Author’s statement that welded con- 
struction appears more liable to failures than 
does the riveted type is, of course, only too well 
appreciated; but it is reassuring to learn that, 
apart from corrugation of bottom plating, recent 
failures have been sustained in only a small pro- 
portion of ships. Is it possible to give an approxi- 
mate percentage of the types of construction 
in which these failures have occurred in recent 
years—whetherwiveted, partly or wholly welded? 


Though fractures have become more frequent, 
it may be that the publicity now given to any 
failure tends to exaggerate the trouble and cause 
doubt in the minds of those not fully conversant 
with the problems. Within the society the old 
method of reporting ‘small crack at corner of 
No. 3 hatch veed out and built up electrically’’, 
has given place to a very detailed description 
requiring position, extent (with sketch), appear- 
ance of material in vicinity, when first noticed 
and if possible condition of loading, together 
with a full description of repair. Whilst this in 
itself is a commendable requirement, it does 
appear advisable not to lay too much stress on 
minor defects. 


A point which might be added as causing some 
further increase in hogging stresses of present- 
day cargo vessels in change over from coal to oil 
burning, is the transfer of bunker weight amid- 
ships to the double bottoms nearer the ends, 


If (a) the still water stress at the deck of a 
shelter decker is 50 per cent in excess of that for 
a three-island type, and (b) the modern tendency 
to increase speed is another factor in the cause 
of failures, does the Author consider (a) that some 
modifications of the seantlings of shelter deckers 
are necessary, and (b) that speed is still another 
factor to be considered in arriving at scantlings/ 


In the example quoted on page 4 having a 
badly corrugated bottom, am | right in assuming 
the floors to be electrically welded direct to the 
bottom shell, and if so, would there have been any 
corrugation of note had the older type of con- 
struction been adopted, i.e., riveted bottom bars? 


It is disturbing to read that a compressive 
stress of only 2 tons per square inch in bottom 
shell is sufficient to cause corrugation in trans- 
verse electrically welded ships and that this 
damage is inevitable and accumulative (hard 
words). It would appear that some modification 
of this type of construction is necessary. The 
introduction of longitudinal framing would solve 
the immediate trouble of corrugated bottom and 
probably greatly diminish fractures at deck. 
Whether this would bring other defects in its 
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train would remain to be seen. If the bottom 
longitudinals be electrically welded direct to the 
shell they may produce “over rigidity” and result 
in cracks in shell at the ends of the longitudinals. 


I gather that shipbuilders are not averse to 
longitudinal framing in cargo ships, and some 
shipowners too are agreeable provided there be 
no loss of cargo space caused by deep web frames 
on transverses. This could be overcome by longi- 
tudinal framing at bottom and at decks and 
transverse side framing; a method which has been 
adopted in a number of dry cargo vessels in 
Greenock with some saving in weight. 


I think we can agree when the Author states 
that he has taken a pessimistic view of the 
present situation and this is not in any way 
brightened when we read elsewhere in the tech- 
nical press of residual stresses in the order of 
8 tons per square inch set up during construction 
at points far removed from any weld. 


In the bewildering profusion of instruction and 
advice, theory and practice, followed by discon- 
certing troubles and problems, we may find some 
solace in the Ship Surveyors’ Litany: 

From residual stresses 

And longitudinal strains, 

From static aches 

And dynamic pains 

And fractures which come overnight, 
Good Lord deliver us.” 


AUTHOR’S REPLY 


Mr. SHEPHEARD 


I am very grateful to Mr. Shepheard for his 
remarks on the utility of the methods of estimat- 
ing bending moments which I have developed. 


Dr. WEBSTER 


I am in agreement with Dr. Webster that the 
extra engine power enables the ship to be driven 
in heavy weather, and this no doubt is one factor 
which has to be taken into account when heavy 
weather damage is being investigated. At the 
time, the increased still water stress in the modern 
ship is an extremely important consideration. 
The particulars given by Dr. Webster of the 
serious stresses to which a tanker may be 


subjected is of great interest, but this aspect 
was not treated, as it would require a paper in 
itself. 


Mr. H. R. Giees 
Mr. Gibbs’ remarks refer principally to welding 
and are dealt with by Mr. Cocks as follows: 


The question of the influence of locked-up 
stresses on the liability to failure has been ex- 
haustively examined by both the Admiralty 
Ship Welding Committee and the American 
Board of Investigation, and the conelusion 
arrived at by the former, as stated in the First 
and Second Interim Reports, is substantially 
the same as that pronounced by the American 
investigators. 


It must be recognised, however, that this con- 
clusion is harnessed to idealised conditions regard- 
ing design, workmanship and material, which 
conditions may not have been present in the 
cases cited. In the presence of a weld defect or 
at a point of inefficient design, residual stress 
may trigger off a fracture, which, if the material 
is notch-brittle, may extend to a dangerous 
extent. Locked-up stresses are inevitable, and 
cannot be removed save by methods of relief 
which are either difficult or well-nigh impossible 
to carry out economically on a ship’s structure. 
Their effects, however, can be minimised or 
even nullified by perfection of design, workman- 
ship and materials. 


Mr. 8S. W. BoLWELL 


Mr. Bolwell’s remarks on the utility of the 
still water basis for comparing bending moments 
are appreciated, and I am in sympathy with his 
views that the ultimate aim must still be the 
prediction and comparison of maximum service 
stresses, but I still adhere to my opinion that the 
stress induced in still water is the more important 
component. 


For the reasons advanced by Mr. Bolwell it is 
impossible to measure the actual stress in still 
water which is the resultant of stress induced 
by external moment and locked up stresses. 


The experiments carried out by the Admiralty 
Ship Welding Committee, however, have shown 
that the beam theory may be applied to the hull 
of a ship, and therefore the still water component 
can be calculated with reasonable accuracy. 


The figures quoted for the “Queen Mary” are 
of interest and the discrepancy is difficult to 
explain, but the tests to which reference has 
previously been made show that if the stresses 
on the hull of a ship are to be determined at all 
accurately, a multiplicity of strain gauges are 
required. Reliance on a few isolated strain gauges 
lead to very erratic results. 


With regard to Mr. Bolwell’s suggestion that 
the effect of welding could be determined by a 
comparison between the service results of all 
riveted and all welded ships, without doubt 
analysis might be made, but the matter is not 
simple. The pre-war 16 knot cargo ship to which 
he refers was a specific type, and was different 
in many respects from the post-war cargo liner. 


The evidence available seems to show that the 
pre-war ship was reasonably immune from some 
of the damage which is being sustained by the 
post-war ship, but here it is difficult to be precise. 
It must be remembered that damage does not 
generally develop in the first few years of a ship’s 


life. It would be reasonable therefore to postpone 
an analysis of the kind suggested until more 
experience of the post-war ship has been obtained. 

In reply to the query about casualties in 
pre-war shelter deckers compared with those 
of the three-island ship, I think it is fair to say 
that the shelter decker exhibited more damage 
than the three-island vessel, which reinforces my 
opinion about the importance of loading. 

The final question is an important one, and | 
feel that the time to attend to the distribution of 
weights is before the cargo is loaded and not after- 
wards; the fitting of permanent strain gauges 
might be a useful technique for experimental 
purposes, but as I have already said, a few isolated 
gauges may give very misleading results, and 
therefore the suggested procedure does not appear 
to be practicable. 

Mr. R. G. LockHarT 

In my opinion the great merit of the three- 
island ship from the point of view of structural 
strength is the low stresses imposed in the still 
water condition. The remark about high standard 
of strength in the way of the bridge is not under- 
stood, for in the ship of that class the section 
modulus through the bridge is the same as that 
in the wells. The case cited of the paddle steamer 
with the bridge erection is of interest and no doubt 
the fact that such an erection was fitted was a 
source of strength. The ship was of a special 
design, however, and it would not be proper to 
draw too many conclusions. 

Mr. Lockhart asks a very pertinent question 
as to the size of ship at which longitudinal framing 
should be fitted. In my opinion, there are so 
many advantages associated with the system 
that it could with profit be adopted in all ships 
over, say, 350 ft. in length. 

Mr. A. G. HapJispyrou 


The question of deterioration raised by Mr. 
Hadjispyrou is an important one, and one which 
can only be settled on the basis of experience. 


On the subject of buckling of plating, | am of 
the opinion that the only really sure way to 
minimise the effect of distortion is by splitting up 
the panels of plating by means of longitudinal 
stiffening. 

Mr. J. T. DEUCHARS 

I do not agree with Mr. Deuchars’ opinion that 
the C.S.S. type of ship suffers from the fact that 
the transverse main frames and bulkheads stop 
at the second deck. In my opinion, this does 
not affect the main issue. The important point 
is that by reason of the design the three-island 
ship is normally subjected to smaller stresses 
than the shelter decker. 


Mr. A. PULLEN 


The point raised regarding concentration of 
stress is an interesting one. Calculations carried 
out in the usual way give an average stress across 
the deck or bottom of the ship, but where there are 
discontinuities the stress increases above the 
average. It can be shown theoretically that the 
stress at the edge of a circular hole is three times 
the average stress across the section; this concen- 
tration of stress tapers off very rapidly, and at a 
small distance from the hole the stress assumes 
a value closely approaching the average. In 
practice it is certain that greater concentration 
of stress occurs and this has to be taken into 
account when considering the question. 


With regard to the second query, the fact that 
the ship had been engaged in the ore trade was 
irrelevant to the main issue, and was only men- 
tioned to show that with this cargo which is 
notoriously a severe one, the ship had not given 
any trouble. It should be remarked that secondary 
failures may often be the result of unusually high 
stresses on the main girder. Furthermore, it is 
unlikely that a modern shelter decker loaded 
with ore would have a still water stress as low as 
that of a three-island ship of the old type. 


Mr. Cocks adds the following: 

The frequent reports of failures, great and 
small, which followed upon the mass production 
of welded ships in the U.S.A. during the late war, 
shew what will happen if a riveted design is 
adapted to welding without a full appreciation 
of the difference in behaviour of the two methods 
of construction. The “Liberties,” as originally 
built, were copies, through the “‘Ocean”’ class, 
of the riveted ‘“‘North Sands” type, with riveted 
connections changed to welds. Later radical 
alterations in way of details where stress concen- 
trations existed led to a marked reduction in the 
incidence of failures, and these modifications were 
incorporated in the later “Victory” ships, in which 
class such failures as those to which the 
“Liberties’’ were prone have almost disappeared. 


It cannot be too strongly emphasised that 
design for welding, particularly in respect of 
details, must have welding in view, and must 
not be a mere substitution of welded joints for 
riveted connections. 


While it so happens that the high incidence of 
failures in ship structures coincides with a large 
increase in the proportion of welded to riveted 
ships, it cannot be accepted that this fact is due 
to welding per se, although it is probably largely 
due to the particular way in which welding has 
been employed, either in regard to design or in 
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methods of erection and construction. The use 
of welding is still in process of development, 
and improvement is already marked. 


Mr. C. J. G. JENSEN 


I agree with Mr. Jensen that the considerations 
advanced in the paper are intended to provide 
only a basis for investigations, but I am strongly 
of the opinion that though the still water stress 
is only a part of the total stress, nevertheless it is 
the part which counts. The stress induced by the 
waves obviously cannot be controiled, but some 
measure of control is possible with the still water 
component. I agree with Mr. Jensen that there is 
great need for further information on the lines 
of the “San Francisco” and ‘“‘Ocean Vulean”’ 
tests. 


Mr. G. R. Epaar 


I agree with Mr. Edgar that superficially there 
appears to be some drawback to the adoption of 
longitudinal framing at the deck, not so much 
from the point of construction but from that of 
the arrangement of the ship. It is often suggested 
by owners that the adoption of longitudinal fram- 
ing will reduce head room and interrupt stowage 
in the ‘tween decks, but if the matter is investi- 
gated in detail it will be found that it is possible 
to design the structure so that from these aspects 
it is quite as good as a transversely framed deck. 
In one instance at least a shipbuilder who had 
strong opinions to the contrary was convinced 
that this could be done. 


With regard to passenger ships, I appreciate 
that the adoption of longitudinal framing must 
lead to alterations in the positioning of air ducts 
and the like, but I would imagine that longitudinal 
framing would in some ways improve matters. 
It should be noted that the strength decks of the 
ill-fated ‘Normandie’ were longitudinally 
framed. 


| am gratified to find that in general Mr. Edgar 
agrees that the concept of dividing the bending 
moment into its two components and am able 
to assure him that the considerations which he 
mentions do not affect the reliability of the 
comparison. The important matter of local 
stresses which Mr. Edgar raises is dealt with in 
the reply to Mr. A, Pullen. 


Mr. A. C. HUNTER 


The considerations advanced by Mr. Hunter 
are being kept in mind and much work has been 
done in investigating causes of structural failure; 
this is an important part of the activities of the 
Department with which I am associated. 


Mr. H. J. Apams 


Mr. Adams mentions the effect of dynamic 
stresses and the case which he cites is of interest. 
I agree with Mr. Adams that concentration of 
cargo amidships can be extremely troublesome 
and that it is often a cause of buckling. Here, too, 
longitudinal framing of the deck is an advantage 
as the crippling strength of the plating is 
increased radically with this type of framing. As 
Mr. Adams says, the problem of corrugated 
bottoms is rather complex, but I am convinced 
that there is a certain degree of unfairness such 
as occurs in riveted ships which can generally 
be tolerated, but in welded ships the unfairness 
is of a slightly greater degree than in a riveted 
ship. I agree with Mr. Adams that increasing the 
thickness of the bottom plating is not nearly so 
effective as fitting longitudinal framing, and 
heartily endorse his conclusions. 


Mr. M. M. Parker 


I appreciate Mr. Parker’s remarks very much 
and feel that he has raised two very important 
matters in the final paragraphs of his con- 
tribution. I am sure that he does not expect a 
considered answer at this stage; he has obviously 
raised fundamental problems which will require 
much investigation and thought before they can 
be solved. 


Mr. T. Jaroszynsk1 


Mr. Jaroszynski also, with his close knowledge 
of the subject, raises many important points, 
notably that of the relation between scantlings 
and type of ship. This matter also is one which 
cannot be lightly dismissed and, as he knows, is 
the subject of much thought. The reference to 
experiments on buckling of panels of plating 
under compression are most useful, and in part 
answer Mr. Adams’ questions on the subject. 
The other remarks made by Mr. Jaroszynski are 
also of great value and deserve close attention. 


Mr. R. P. Harrison 


Mr. Harrison’s remark on the effect of reduction 
in weight on still water stress on bending moment 
is extremely interesting, and shows that an 
improvement in one direction may result in a loss 
in another. For a cargo ship Mr. Harrison shows 
the increase in stress is not of any significance, 
but it is in the wrong direction. In a tanker the 
effect may be slightly greater. His example of 
the inter-relation between deflection and stress 
in a 400 ft. ship is of interest, and shows the 
danger of the artifice for obtaining greater dead- 
weight carrying capacity. I am glad that Mr. 
Harrison has raised the matter of increased 
bending moment resulting from bilging; this is 
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a complication which has not as yet received much 
attention, but the implications are obvious and 
again point to the advantages of longitudinal 
framing. 


Mr. T. NELL 


The philosophic doubt which Mr. Nell raises 
about the validity of the practices adopted in 
certain circles is one which he must resolve him- 
self. the pessimistic point of view put forward 
in the third paragraph may be well-founded, 
but here again I cannot suggest a solution. There 
is no doubt that the adoption of longitudinal 
framing in the average 9,000/10,000 deadweight 
ton tramp will result in a saving of steel, and 
this may well reach 40 or 50 tons in certain in- 
stances. This is an advantage which should not 
be thrown away. 


Mr. G. M. Boyp 


In spite of Mr. Boyd’s implied invitation to 
engage in discussion on the matters regarding 
welding which he has introduced into his contri. 
bution, I must reluctantly adhere to my original 
intention. I am indebted to Mr. Boyd for pointing 
out the method in which the figures from the 
statistical strain gauge should be interpreted. 
With regard to the suggestion in his paragraph 
next to last, that the trend towards reduction of 
weight may result in a diminution in the factor 
of safety, this is perhaps only true in the context 
pointed out by Mr. Harrison. In recent years 
the tendency has been to increase the scantlings 
of the main structural members, and make reduc- 
tions in what are thought to be items of minor 
importance. 


Mr. S. ArRcHER 

It is true that the majority of failures in the 
main girder of cargo ships have occurred in shelter 
deckers of the 400/450 ft. class, either partially 
or wholly welded, and this is no doubt due to 
two reasons: (a) There are more ships of this 
class afloat than there are of any other class; and 
(b) There is some evidence to show that a ship 
of this length is more likely to meet waves of about 
her own length than any other class of ship, and 
thus to sustain unusually high stresses, 


With regard to the percentage of casualties, 
I do not think that it would be possible to give 
any very precise figures for the reason that the 
evidence of undue stress may range from small 
cracks on hatch corners to complete cracks across 
the deck. 


With regard to the wavy bottom question, 
the matter can be easily answered. All trans- 
versely framed ships having completely welded 


bottom construction have, or in my opinion, 
will suffer from this defect, unless the shell is 
thickened appreciably. This may seem to be a 
very extreme statement, but I have strong 
grounds for believing that it is an accurate one. 
For the reason that before the section modulus 
of the deck is lowered appreciably there must be 
an extreme loss of efficiency in the bottom shell, 
it is not to be expected that failure of the deck 
should invariably or indeed ordinarily be associ- 
ated with a severely corrugated bottom. The pro- 
gress of corrugation of the bottom of a ship is 
fortunately fairly slow, and long before the 
efficiency of the main hull girder can suffer 
appreciably, the defect can be recognised and 
proper stiffening fitted. 


The “San Francisco” experiments were carried 
out in 1934 and the ship was, so far as the main 
hull is concerned, completely riveted. When 
greatest stresses were recorded the still water 
stress was about 3-5 tons tensile at the deck, the 
ship being, as is so often the case, in a still water 
hogging condition. Mr. Boyd’s contribution on 
the statistical strain gauge answers the question 
raised by Mr. Archer. The increase in the stress 
in the shelter decker as compared with the 
three-island ship is due almost entirely to greater 
bending moments, and it can be said that the stress 
on the modern shelter decker is independent of 
the system of construction adopted. As stated 
in the paper, the normal stress on the modern 
shelter decker is about 3°0 tons tensile at the 
upper deck. The analogy which Mr. Archer 
draws between the still water stress basis and the 
steady stress basis adopted for sizes of certain 
parts of machinery is, I think, perfectly valid, and 
his argument refers in my opinion as much to 
ships as to engines. It is unlikely, however, in 
my opinion, that fractures are due to fatigue; the 
application of a few cycles of extremely heavy 
loading seems to be a more reasonably explana- 
tion of many casualties. 


Mr. E. F. Woop 


Iam indebted to Mr. Wood for his remarks, and 
I am gratified to find that he intends to spread 
the light in other spheres. The remarks on the 
importance of continuity of longitudinal framing 
are well justified, and this matter should always 
be kept in mind. 


The matter of relating still water stresses to 
length of ship is an important one, but somewhat 
outside the scope of this paper. I think that 
Mr. Wood’s views are correct on the whole, but 
as far as large tankers are concerned, I am of 
opinion ‘that until we have more practical 


experience of the behaviour of these ships a 
degree of conservatism in choosing permissible 
stresses should be adopted. 


Mr. P. D. Fraser-Smitu 


This contribution is extremely interesting and 
especially in its application to tankers. I think 
that the figure of two tons per square inch stress 
due to a slam, which is quoted, is probably on the 
high side, but it is of the correct order, and as 
Mr. Fraser-Smith says, might be an important 
factor in causing failures. 


Mr. H. Dickerson 


Mr. Dickerson’s predilection for using the 
WL/F method for determining bending moment 
is understandable, but I am strongly of the 
opinion that both for ease of calculation and for 
facility in interpreting results, the still water 
stress gives a more rational basis. 


Mr. Dickerson’s remarks on slamming should 
be read in conjunction with Mr. Fraser-Smith’s 
remarks on the subject; these complete the pic- 
ture. With regard to the “San Francisco”, a 
few slamming records were taken, and it appears 
that in one instance the stress due to the wave 
was 4:5 tons per square inch when slamming 
took place as compared with 3-5 tons per square 
inch when there was no slamming. 


Mr. J. B. Davies 


I agree thoroughly with Mr. Davies’ remarks 
on the effects of the modern tendencies in design 
to which he refers. The practice of arranging a 
refrigerated hold immediately forward of the 
engine room undoubtedly increases the hogging 
stress on the ship, as in the full load condition the 
density of cargo in the refrigerated hold is much 
less than that elsewhere. The proposal to niove 
the refrigerated hold forward is a step in the 
right direction. Mr. Davies raises the same point 
with regard to the effect of speed on scantlings 
as Mr. Parker, and I must refer him to my answer 
to Mr. Parker. 


With regard to the interruption in stowage 
caused by the adoption of longitudinal framing, 
I think that as I have said in reply to Mr. Edgar, 
this is sometimes exaggerated. 


Mr. A. G. AKESTER 


Mr. Akester’s remarks on the danger that over- 
emphasis may be placed on casualties is impor- 
tant, but at the same time I am of the opinion 
that there has been an increase in the incidence 
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of casualties in recent years. No doubt the effects 
of war service are a factor, but there is some- 
thing more than that to it. 

Like Mr. Dickerson, Mr. Akester has evidently 
predilection for the classical methods for 
comparing stresses with which I can sympathise, 
if not share. I can assure Mr. Akester that in this 
case there is no doubt about the short cut. 


Illustrations which Mr. Akester draws from his 
experience are of great interest, and his remarks 
on wavy decks demonstrate clearly the flexibility 
of ships. With regard to longitudinal framing, 
I would refer him to my remarks on Mr. Edgar’s 
paper. 

Mr. A. E. Heap 


Mr. Heap also touches on the question of re- 
lation between speed and scantlings, and here 
also I must refer him to my reply to Mr. Parker. 
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With regard to the question whether a corruga- 
tion can occur if the floors are riveted to the 
bottom shell, I think that Mr. Jaroszynski in his 
contribution has dealt with that matter in a very 
clear manner. 


It is quite true that in shipbuilding the cure 
of one defect often may be the cause of another, 
but I think that if longitudinal framing is 
adopted, and as recommended by Mr. Wood 
special attention paid to the end connections, the 
situation suggested by Mr. Heap will not arise. 


I agree with Mr. Heap that the system of longi- 
tudinal framing at bottom and decks and trans- 
verse side framing is a desirable one, and am 
interested in his confirmation that the method 
has been adopted by the enlightened shipbuilders 
who inhabit his part of the country, with the 
additional benefit that weight has been saved. 
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TORSIONAL VIBRATION FROM THE 
PRACTICAL VIEWPOINT 


By S. ARCHER 


INTRODUCTION 
AND - 


PART I 


INCE the introduetion in January, 1944, 
of Rule requirements for the submission 
of torsional vibration calculations as part 

of the normal classification procedure for oil- 
engined ships, the author has received a number 
of requests from colleagues, both at home and 
abroad, asking for a simplified paper on torsional 
Vibration, dealing as far as possible with the 
practical aspect of the subject. 


It is therefore hoped that the following notes 
may be found of assistance by those not already 
wholly familiar with the subject, both in carrying 
out the Rule requirements for the submission of 
torsional vibration calculations and data, and, 
perhaps particularly, in facilitating their discus- 
sions with builders and owners’ superintendent 
engineers and in the witnessing of torsiograph 
tests on board ship. 


That the dangers of torsional synchronism in 
marine shafting are of very real importance may 
be gathered from the relatively large number of 
books and technical papers which have been 
devoted to the subject during the past 25 years, 
including a paper to this Association in 1930 by 
our present Chief Engineer Surveyor!. Unfor- 
tunately, most of these have been aimed largely 
at the expert or specialist and, sinee progress 
in the knowledge of the subject has been 
comparatively rapid, it has required considerable 
effort on the part of even the professional 
vibration engineer to keep up to date. 


In the march of this progress the Society can 
with justification lay claim to a prominent part, 
by virtue of the efforts exerted to make owners 
and marine engine builders sufficiently torsional 
vibration-conscious. 


Papers on the subject have from time to time 
been read by the Chief Engineer Surveyor and 
members of his staff before a number of the 
leading technical institutions (see Bibliography), 
and it is worth recording that Lloyd’s Register 
has led the world among the classification 
societies in providing, firstly, a protection to 
owners and underwriters against the likelihood 
of shaft failure from torsional vibration and, 
secondly, a service of investigation and advice 
where shaft failures from this cause have 
occurred in older ships, some of them built long 
before frequency tables were ever heard of. 


It might perhaps be asked what evidence there 
is of the need for examining the torsional 
vibration characteristics and of its effectiveness. 
For this purpose the following statistics (Tables 
1, 2 and 3) extracted from Dr, Dorey’s presi- 
dential address to the Institution of Mechanical 
Engineers? last year may be of value as indicating 
the trend, even though it could be said that the 
evidence is mainly circumstantial. Nevertheless, 
the figures are quoted for what they are worth 
as giving a measure of the incidence of crank 
shaft failures from all causes before and after 
the introduction of the Society’s present require- 
ments for torsional vibration calculations. 


» Reference to Bibliography at end of paper. 
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Fig. 1. Crank shafts. 
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Fig. 2. Intermediate and thrust shafts. 
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Fig. 3. Screw shafts. 


Limits of Torsional Vibration Stress for Marine- 
propulsion Shafting (January, 1952). 
f. = maximum value of vibration stress for continuous 
operation. 
maximum value of vibration stress for transient 
operation. 
J = maximum value of vibration stress for above 
service speed. 
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FAILURES IN MOTORSHIP CRANK 


TABLE 1 
SHAFTS (Marty) 


TABLE 2 


FAILURES IN MOTORSHIP CRANK SHAFTS (AuxI.1ARY) 
————————————————— eee 


Post-war Pre-war Post-war 
Type of failure Type of failure 
1934 1935 1947 1948 1934 1935 1947 1948 
5 ll 5 8 Broken 21 13 14 10 
| 10 13 il 9 Cracked v5 os 5 11 10 10 
< 6 10 5 8 Slack shrink waa ae 2 3 2 
Mee 
Total i 22 34 21 25 Total 28 27 26 27 
ai. = a5 os oe i} 
mber of classed motor- Number of classed motor- 
ships over 100 tons gross | 1,168 1,243 1,742 1,974 ships over 100 tons gross 1.168 1,243 1,742 1,974 
reentage per year 1-88 2°73 1-20 | 1:26 Percentage per year 2-40 2°17 1-49 1°37 
erage percentage per Average percentage per 
year for two years year for two years... 2-29 1:43 


TABLE 3 
COMPARISON OF MOTORSHIP CRANK SHAFT 


FAILURES 1934-5 anp 1947-8 
Average Average ~ Percentage 
Type of shaft percentage percentage reduction 

failures failures from 1934-5 

1934-5 1947-8 to 1947-8 
Crank shafts (main) ... 2°31 1-23 46- 
Crank shafts (auxiliary) 2-29 1-43 37°6 
Total crank shafts 46 2-66 42-2 


If will be seen that since the pre-war period 
shown, the percentages of crank shaft failures, 
both main and auxiliary, have been nearly halved, 
and it is reasonable to conclude that part, at least, 
of the eredit for these reductions ean legitimately 
be ascribed to the improvements in the torsional 
vibration characteristics of the shafting systems. 


A natural complement to the Rule requirements 
is the co-existence of limiting values of vibration 
stress in order that every shafting installation 
may be fairly judged without anomalies or incon- 
sistencies. Having regard to the gaps still 
existing in our knowledge of the fatigue strength 
of shafting and the variations in service con- 
ditions from one ship to another, and bearing 
in mind also the almost inevitable inaccuracies 
both of calculation and measurement, it has, 
however, not yet been found practicable to lay 
down such stress limits in the form of Rules. 
Instead, recommendations have been issued from 
time to time in the form of guidance notes for 
the benefit of engine builders and owners. These 
are perforce largely empirical in nature and, 
of course, subject to revision in the light of 
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increasing knowledge and experience. Never- 
theless, they do provide a reasonable and fairly 
logical background against which the charac- 
teristics of any given installation can be assessed. 


The latest proposals, Modified Guidance Notes 
(January, 1952), are indicated graphically in 
Figs. 1, 2 and 3, and for further details of the 
considerations underlying the form of the earlier 
stress limits issued in 1946, reference may be 
made to Dr. Dorey’s 1947 paper before the 
Institution of Naval Architects?, 


In the preparation of this paper on a subject 
so inherently specialised, the author was faced 
with the temptation to try to eater for both 
layman and expert. This he has, however, 
endeavoured to resist so far as possible, and he 
would therefore erave the indulgence of the 
latter and suggest that if unsatisfied they go 
elsewhere for their nourishment. The purpose 
of the present paper is to describe the funda- 
mentals of the subject, coupled with some notes 
on the practical details and methods of calculation 
currently in use. 


THE NATURE AND CAUSES OF TORSIONAL VIBRATION 
IN SHAFTING SYSTEMS 


If the driving torque exerted by the prime 
mover and the resisting torque offered by the 
propeller (or driven unit) were absolutely 
uniform during each revolution, there would be 
no torsional vibration problem. 


With the purely rotary type of prime mover 
the first is practically uniform, but the second 
will always be more or less fluctuating owing to 
variations in wake velocity over the screw disc. 
Thus, in the turbine, or electrical, drive torsional 
vibrations are usually excited by the propeller 
only. 


With oil engines, however, both driving and 
resisting torques fluctuate in a periodic manner, 
but in most cases, except where the frequencies 
of engine and propeller excitation coincide, the 
effect of the latter is relatively small compared 
with the engine excitation, and for purposes of 
calculation it is therefore usual! to assume a 
uniform propeller torque so far as excitation of 
torsional vibration is concerned. 


The whole theory of torsional vibration is 
based firmly on Newton’s laws of motion, the 
first of which states that : “Every body continues 
either at rest or in a state of uniform 
motion unless constrained by an external force, 
or forces, to change that state.” This is con- 
venient, since by the principle of superposition 
it is permissible to imagine applied to the shaft 
system a constant angular velocity equal and 
opposite in sense to its mean velocity over one 
combustion eycle. Thereby the system as a whole 
may be conceived to be brought to rest and the 
residual motion of its individual component 
masses will consist of oscillatory excursions about 
a mean position fixed in space. Naturally, to 
comply with Newton’s first law it will be necessary 
simultaneously to subtract from the total fiuet- 
ating torque exerted by the engine the mean 
torque over one combustion eycle which was 
responsible for maintaining the mean shaft speed 
against the assumed uniform propeller resistance, 
thus leaving only the fluctuating components of 
the total torque. 


Ideally then we are left with a stationary 
system comprising, in the case of the un- 
damped engine-propeller system, a flexible shaft 


connecting two heavy masses. These may be 
imagined to be idealised in the form of two 
equivalent flywheels having moments of inertia 
equal to those of the propeller and the whole 
engine respectively. Upon the engine mass, or 
“flywheel,” assumed for simplicity to consist 
of a single cylinder, is exerted the fluctuating 
exciting torque of period equal to one com- 
bustion cycle, whilst the propeller has no other 
constraint to its motion than that applied by the 
elastic shaft to which it is attached. 


Fortunately, or otherwise, depending on the 
point of view, again by the principle of super- 
position, the residual irregular periodie torque 
exerted by the engine can be imagined to be the 
result of a harmonic synthesis of an infinite series 
of simple harmonie torques of differing amplitude 
and relative phase having frequencies which are 
exact integral multiples of the number of engine 
combustion cycles per unit of time. In general, 
these component harmonic torques are of relatively 
small magnitude, and it is only when at a given 
engine speed a particular harmonic happens to 
coincide in frequency of application with that at 
which the shaft system would prefer to vibrate 
naturally in the free condition, i.e., at a natural 
frequency, that trouble may arise. One mass 
begins to swing against the other, thus twisting 
the connecting shaft, and the amplitudes of oseil- 
lation begin to build up in the same way as a 
swing will do if pushed at exactly the right 
moment during each natural oscillation. This 
is, of course, the familiar phenomenon of 
“resonance” and theoretically in the absence of 
damping (i.e., sources of dissipation of energy 
such as mechanical friction, shaft hysteresis, 
hydrodynamical resistance of propeller to change 
of velocity, &e.) the swing of the masses would 
build up indefinitely until shaft failure occurred. 
Fortunately, in practice the build-up will only 
proceed to a point where the energy put into the 
vibrating system by the exciting torques is exactly 
absorbed by the energy dissipated at the various 
damping points. In this respect it is fortunate 
that in nearly all mechanical systems the increase 
in damping energy with amplitude occurs at a 
greater rate than the input energy, thereby 
enabling a “steady state” balance to be struck at 
the resonant amplitude. Otherwise, of course, 


there would be instability and inevitable failure. 
It is therefore necessary to ensure that, where 
synchronism must be accepted, the alternating 
shear stress corresponding to the amplitude of 
shaft twist at resonance does not exceed the 
torsional fatigue strength of the shaft material, 
taking into account the various and inevitable 
stress raisers in the shafting system. 


It is therefore easy to understand that the 
avoidance of resonance is by far the most effective 
way of eliminating shaft failure by torsional 
vibration, and for this purpose the first step is 


clearly a knowledge of the natural frequencies 
of vibration of the shafting system. 


Where resonance cannot conveniently be avoided 
by rearranging the magnitudes or disposition of 
shaft masses or stiffnesses, or by changing the 
range of service revolutions of the engine, then 
the next best solution is to reduce the magnitude 
ot the harmonic exciting torques as far as practi- 
cable and, or alternatively, to introduce the 
maximum possible amount of damping into the 
system by means of special damping devices or 
by inereasing the damping efficieney of the pro- 
peller. 


THE NATURE AND CAUSES OF TORSIONAL VIBRATION 
IN SHAFTING SYSTEMS 


If the driving torque exerted by the prime 
mover and the resisting torque offered by the 
propeller (or driven unit) were absolutely 
uniform during each revolution, there would be 
no torsional vibration problem. 


With the purely rotary type of prime mover 
the first is practically uniform, but the second 
will always be more or less fluctuating owing to 
variations in wake velocity over the screw dise. 
Thus, in the turbine, or electrical, drive torsional 
vibrations are usually excited by the propeller 
only. 


With oil engines, however, both driving and 
resisting torques fluctuate in a periodic manner, 
but in most cases, except where the frequencies 
of engine and propeller excitation coincide, the 
effect of the latter is relatively small compared 
with the engine excitation, and for purposes of 
calculation it is therefore usual to assume a 
uniform propeller torque so far as excitation of 
torsional vibration is concerned. 


The whole theory of torsional vibration is 
based firmly on Newton’s laws of motion, the 
first of which states that : “Every body continues 
either at rest or in a state of uniform 
motion unless constrained by an external force, 
or forces, to change that state.” This is con- 
venient, since by the principle of superposition 
it is permissible to imagine applied to the shaft 
system a constant angular velocity equal and 
opposite in sense to its mean velocity over one 
combustion cycle. Thereby the system as a whole 
may be conceived to be brought to rest and the 
residual motion of its individual component 
masses will consist of oscillatory excursions about 
a mean position fixed in space. Naturally, to 
comply with Newton’s first law it will be necessary 
simultaneously to subtract from the total fluet- 
ating torque exerted by the engine the mean 
torque over one combustion eycle which was 
responsible for maintaining the mean shaft speed 
against the assumed uniform propeller resistance, 
thus leaving only the fluctuating components of 
the total torque. 


Ideally then we are left with a stationary 
system comprising, in the case of the un- 
damped engine-propeller system, a flexible shaft 


connecting two heavy masses. These may be 
imagined to be idealised in the form of two 
equivalent flywheels having moments of inertia 
equal to those of the propeller and the whole 
engine respectively. Upon the engine mass, or 
“flywheel,” assumed for simplicity to consist 
of a single cylinder, is exerted the fluctuating 
exciting torque of period equal to one com- 
bustion eyele, whilst the propeller has no other 
constraint to its motion than that applied by the 
elastic shaft to which it is attached. 


Fortunately, or otherwise, depending on the 
point of view, again by the principle of super- 
position, the residual irregular periodic torque 
exerted by the engine can be imagined to be the 
result of a harmonic synthesis of an infinite series 
of simple harmonic torques of differing amplitude 
and relative phase having frequencies which are 
exact integral multiples of ithe number of engine 
combustion eycles per unit of time. In general, 
these component harmonic torques are of relatively 
small magnitude, and it is only when at a given 
engine speed a particular harmonie happens to 
coincide in frequency of application with that at 
which the shaft system would prefer to vibrate 
naturally in the free condition, i.e., at a natural 
frequency, that trouble may arise. One mass 
begins to swing against the other, thus twisting 
the connecting shaft, and the amplitudes of oseil- 
lation begin to build up in the same way as a 
swing will do if pushed at exactly the right 
moment during each natural oscillation. This 
is, of course, the familiar phenomenon of 
“resonance” and theoretically in the absence of 
damping (i.e., sources of dissipation of energy 
such as mechanical friction, shaft hysteresis, 
hydrodynamical resistance of propeller to change 
of velocity, &e¢.) the swing of the masses would 
build up indefinitely until shaft failure occurred. 
Fortunately, in practice the build-up will only 
proceed to a point where the energy put into the 
vibrating system by the exciting torques is exactly 
absorbed by the energy dissipated at the various 
damping points. In this respect it is fortunate 
that in nearly all mechanical systems the increase 
in damping energy with amplitude occurs at a 
greater rate than the input energy, thereby 
enabling a “steady state” balance to be struck at 
the resonant amplitude. Otherwise, of course, 


there would be instability and inevitable failure. 
It is therefore necessary to ensure that, where 
synchronism must be accepted, the alternating 
shear stress corresponding to the amplitude of 
shaft twist at resonance does not exceed the 
torsional fatigue strength of the shaft material, 
taking into account the various and inevitable 
stress raisers in the shafting system. 


It is therefore easy to understand that the 
avoidance of resonance is by far the most effective 
way of eliminating shaft failure by torsional 
vibration, and for this purpose the first step is 
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clearly a knowledge of the natural frequencies 
of vibration of the shafting system. 


Where resonance cannot conveniently be avoided 
by rearranging the magnitudes or disposition of 
shaft masses or stiffnesses, or by changing the 
range of service revolutions of the engine, then 
the next best solution is to reduce the magnitude 
ot the harmonic exciting torques as far as practi- 
cable and, or alternatively, to introduce the 
maximum possible amount of damping into the 
system by means of special damping devices or 
by increasing the damping efficiency of the pro- 
peller. 


PART 1 
CALCULATION OF NATURAL FREQUENCIES 


Clearly, in any given shafting system the 
natural frequencies will depend jointly on the 
magnitudes of the “flywheel” masses, i.e., their 
moments of inertia, and of the degree of stiffness 
of the connecting shafts; also, in general, from 
common observation the heavier the masses and 
the “softer” the shaft stiffness, the lower will be 
the natural frequency, and conversely. 


The caleulation of moment of inertia and shaft 
stiffness is therefore a fundamental prerequisite 
to the computation of natural frequencies and, 
accordingly, it is thought well to include some 
notes on methods currently in use for this 
purpose, even at the risk of descending to first 
principles. 


1. MASS MOMENTS OF INERTIA 


A. Rotating Masses 
(a) Turn CyninpEr. 

Consider a very thin cylinder of radius r, 
thickness t, breadth b and mass density p (Fig. 4) 
subjected to an angular acceleration Q about its 
axis 00 by means of an external torque T. 


Take a small elemental slice of circumferential 
length, s :— 


Mass of element = p.8. b.t: 
Linear acceleration in tan- 
gential direction = 0 Tf. 


- Inertia force exerted by 
element = 
Moment of force about axis 


—p.s.b.t. Q.r. 


00, ie., inertia torque 
exerted by element = —p.s.b.t. Q.r? 
Total number of such 
elements in whole cir- 
cumference = 2 
s 


—p.s.b.t. Q r? 
Sarr 
y 27 

s 


- Total inertia torque, T; = 


—p.21rtb.r?.Q 


= —mr.Q 
Wits 
—— toe q re. & 
But by Newton’s second law, and remembering 
that accelerating torque T = —inertia torque as 


Mass moment of inertia, 
accelerating torque, T 


JI= 
angular acceleration, Q 
ae ee 
= a hart Aca), 


(b) Sotip CytrpricaL Disc. 


In this case (Fig. 5) imagine the dise to be the 
summation of a series of very thin rings each of 
radial thickness t and breadth b, and again sub- 
jected to an external torque T producing an 
angular acceleration Q : : 


Inertia torque exerted by 

an elemental ring of 

radius, r = —p. 21rrtb.r?. 9 
Total inertia torque from 

R/t such elemental rings, 


Rit 
i = —Jp.2tbt.r>. 


Tye 
= — 2rpboJZ(r*t) 


Rit 


where 5 = summation of function from 0 to R/t. 


8) 
Ret 


The value of the summation 2(1r*t) 


is conveniently derived graphically as in Fig. 6 
where the function r? is plotted to a base of r 
and the product (r3t) is an elemental rectangle. 
It will be seem that in the limit, when t is made 


Kye 
indefinitely small, thesummation 2(1°t) 


is the area between the curve OB of r? and the 
base OA. It can be shown that this area is 
equal to a quarter of that of the circumscribing 
rectangle O A B C, 


ie Cn? Bh eh 
Thus T, = —27pbQR#}s 
= — kp R*b. R?.0 
= — $m R?.9 
W 
= — $— R*9 
Y 


ae 


.. Mass moment of inertia, J = — T,/Q 


WR? 
as a ean 

g 8 
A eonvenient numerical relation for a cast iron 
dise of thickness Tis J = 0-000066D*T - - - (3) 


all in Ib.-in-see.? units. 

The quantity R/V2 is known as the radius 
of gyration, and, in general, is the radius at 
which the whole mass of a given body would have 
to be placed in order to equal the actual moment 
of inertia of the body. 

The foregoing graphical method is of general 
application and particularly useful in the case of 
crank webs, balance weights, propellers, &e. 


(c) Hottow Cyxrinprican Disc. 

Clearly this may be solved as the difference in 
moment of inertia of two solid cylindrical dises 
of radii, R, and R, respectively (Fig. 7). 

Thus, J = pbwR}7. Ri/2 —pbmwR§. R3/2 

| 
= DP" (8+ 'R,*) 
= pb (R,? — R,?)(R,? + R,?) 
= Wig. (R? + R3)/2 
= Wit (Dit Dalagie 108) 
(d) Crank Wess. 
The modifications required to the above method 


will be apparent from Fig. 8 and the tabular 
arrangement below :— 


TABLE 4. 
at aia Angle Axiel - 
Radius, 1 I (degrees) | breadth. h har 
R, | 
R,—t 
R,—2t | 
ete 
R, | 
» (bar*) 
R 
t 1 d 4 
J= ee (bar) - Sl ge ee EE (5) 
. ) 


This would cover the chamfered portion where b 
is varying, the remainder could be approximated 
as a rectangular slab. 


(e) Batance Wercuts (Fig. 9). 

In this case the axial breadth will often be 
constant and may therefore be included in the 
final multiplier of the summation 2 (ar®) 

bt 
ie Siler) = 2 Fis eee ac 


le. J= 57D 


(f) PROPELLERS. 


Here the sections as imagined cut from the 
blades by concentric eylinders of various radii 
are required. These are usually given on the 
propeller plan as expanded sections with the 
developed and expanded outlines (Fig. 10). 


The areas of the expanded sections are measured 
from the plan by planimeter, Simpson’s rules or 
other method. They are then multiplied by their 
respective (radii)? and a curve of the products 
drawn to a base of blade radius between root and 
tip. It is usual also to plot simultaneously a 
curve of section areas to the same base, this latter 
providing a means of calculating the mass or 
weight of the blade. 


A suitable tabular form is shown below (Table 5) 
and typical graphs in Fig. 11. 


TABLE 5 


Radius, T Sect.* area, a@ 
(ins.) (sq. ins.) | 


If mass density of metal is p lb./cu. in., then 
moment of inertia of one blade about axis 00 
= p -A, x area scale of graph (1), Fig. 11 
W 


—= yf E A, x oo ” ” ” ” ” 
Ww 
= 36 A, x s ” ” ” ” ” 


where w = density in lb. weight/cu. in. 
= 0-30 for manganese bronze 
= 0-26 for east iron 
= 0-283 for cast steel 
Similarly, weight of one blade 
=waA, x area scale of graph (2), Fig. 11. 
The moment of inertia of the boss can be esti- 


mated, either as a cylinder or as a truncated cone. 
If the latter, the moment of inertia is given by 


Tw | d7 —d3 W 2) 
i= 160 * jr me S sae 2 A abe ee 


where | = length of boss (ins.) 
d, = large diameter of cone (ins.) 
d, = small diameter of cone (ins.) 
w = weight density of metal (Ib./eu.in.). 


If only the weight of a propeller is known, the 
moment of inertia may often be sufficiently 
approximated by assuming a radius of gyration 
equal to 0-42 of the tip radius. 


To allow for the rotational energy imparted to 
the wake water when vibrating, it is usual to 
increase the “dry” moment of inertia of the 
propeller by 25 per cent., known as the allowance 
for entrained water. 


Two Userut THEOREMS IN Moment or INERTIA 
CALCULATIONS. 
(i) Theorem of parallel axes.—This may be 
stated as follows :— 


The moment of inertia of a body about any 
axis is equal to the sum of that about a parallel 
axis through its mass centre and the product of 
its mass times the square of the distance between 
the parallel axes. 


Thus, in Fig. 12, consider an elemental unit of 
mass m and let the axis xx pass through the mass 
centre, g, of the body of total mass, M, and h 
be the distance of xx from the parallel axis 00. 


Then J,, = 2 (my?) 
= X{m(h—y’)?] 
= J [m (h?+ y’? — 2hy’)] 
= Z[my’?] + h? Ym — 2hJS(my’) 
fre Meet og tte et val hm ks Y 


since the summation 2(my’) is clearly zero 
for an axis passing through the mass centre. 


= ile 


(ii) Theorem of perpendicular axes.—This may 
be stated thus :— 


The moment of inertia of a body about an 
axis passing through the intersection of two 
mutually perpendicular axes and perpendicular 
to both of them is equal to the sum. of the 
moments of inertia of the body about each of the 
other two perpendicular axes. 


Thus, in Fig. 13 let XX, YY be two perpen- 
dicular axes intersecting in 0 and m be an 
elemental unit of mass of the body A B C D of 
total mass M and let m be distant x from YY 
axis, y from XX axis and r from the point 0. 


Then moment of inertia of whole body about 0, 
Jo = 2 (mr?) 
= J'[m (x? + y?)] 
Dg pid gee Ie Sik ha A 
As illustrations of the application of these two 
theorems will be taken the eases of a crank-pin 
and a rectangular crank web. 
(g) CRANK PIN 
With notation as in Fig. 14, if M is the total 
mass of the crank pin, 
Joo = Jxx + Mh? 


MD? 3 
=—-3 Mh? 
Aussige 
= Wie (” + h?). mitiecd jo fase of LO} 
tae D? ‘ 
i.e. k2, = 8 + h? 


where k,, is radius of gyration about axis 00. 


(h) RecranautarR CRANK Wes. 

With notation as in Fig. 15, moment of inertia 
of a rectangular lamina of thickness t about axis 
XX is given by 


— BH, Svare-ts datinie cierto 
Jax = p, Where p 1s mass density 
a 
also j,, = ie t. p 


but ge = jax + Jyy 
=HBtp (= 232) 


=) kb + Be 


= . Where m is mass of 


lamina. 
- total moment of inertia of web about axis gg 
through its mass centre is given by 


Ing = [» x as BY | 


Py geen 


lz 
r H? + B? 
gt Iz ( lz ) 
Also moment of inertia of web about shaft axis 00 
is given by 
A ee pe a | I rs 
ar (a ==) +Mh? 
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tes WH Sick TRG thay 
= Wig (ef ba) Sms (AI) 


OF. ks eee ry (H? + B?) + h? 


B. Reciprocating Masses. 


For a given angular acceleration of the crank 
shaft the corresponding linear acceleration of the 
reciprocating masses such as piston, piston rod, 
crosshead and equivalent portion of connecting 
rod will vary with the angular position of the 
crank, being least at the dead centres and a 
maximum at about mid-stroke, i.e. their equi- 
valent moment of inertia referred to rotational 
motion is varying during each revolution. 


For calculation purposes, however, it is possible 
to replace this varying moment of inertia by an 
equivalent constant moment of inertia referred 
to the erank shaft axis by equating the angular 
kinetic energy of the latter during uniform rotary 
motion with the corresponding average linear 
kinetic energy of the reciprocating masses during 
one stroke. This involves finding the mean square 
value of the varying linear velocity, v, of the 
reciprocating masses during one stroke, since 
linear kinetie energy equals 4 Mv. 


For practical purposes and with usual values 
of connecting rod centres to crank throw ratio, 
say 4 to 4:5, the equivalent moment of inertia 
on this basis is found to be almost exactly the 


same as if one half the total reciprocating mass 
is concentrated at crank pin radius. 


C. Total Moment of Inertia of One 
Engine “Line.” 


This is the sum of the following components :— 


(i) One erank shaft journal, one erank pin, 
two crank webs. 


(ii) Balance weights (if any). 


(iii) Rotating portion of connecting rod, 
usually about 60 per cent of the total 
mass of the rod complete with bearings, 
taken as concentrated at erank pin 
radius. 


(iv) One half the total mass of the recipro- 
eating parts, which latter includes, say, 
40 per cent of the connecting rod mass, 
all assumed concentrated at crank pin 
radius. x 


Thus the cranks and running gear of each 
engine “line” may be imagined to be replaced 
by an equivalent flywheel giving the same average 
kinetie energy as the actual engine parts at any 
given mean speed of rotation. 


i 2. TORSIONAL STIFFNESS OF SHAFTING 


The well-known fundamental equations for the 
calculation of shaft stiffness are :— 


T_ 2 G6 


Sas - - we ee ee 19 
Cy, 
where T == torque (lb.-in.). 
I, = polar moment of inertia of shaft 
section 
4 
= (in.4) 


f == maximum torsional shear stress at 
the outer shaft fibres due to torque 
T (lb. /in.2) 


G = modulus of rigidity of shaft material 
= 11:8 X 106 lb./in.2 for mild steel 
= 6 X 10° lb./in.? for manganese bronze 
8 = angular twist in shaft over length 


L inches due to torque T (radians) 


The stiffness of a given shaft is arbitrarily 
defined as the torque to twist the shaft one radian, 


Cc 


assuming the shaft could remain elastie for such 
a large deflection. 


Thus, stiffness 
CSarl6 
= G I,/L 
LES ex Vea scere ys 
“B2 x L J = 
= 1-16 x 10° cee aye ig 


4 


(13) 


Knowing the torque acting on a shaft, the 
twist is simply derived by dividing the torque 
by the stiffness, i.e. 

Oe ap hy SA ee (14) 


(a) Strrrvess or Srraraur SHAFTING. 


To facilitate calculation it is usual to select a 
reference diameter, such as the diameter of inter- 
mediate shaft, and calculate for other shafts of 
different diameter the equivalent length of inter- 
mediate shaft size which would have the same 
stiffness. : 


Pins = s2%-(D gD) ea e=225 ae s2 =. (015) 

where Lp= equivalent length in terms of dia- 
meter, D; 

L = actual length of shaft of diameter, D. 


The total stiffness of the straight shafting is 
thus obtained by summation of all the equivalent 


lengths Y(l,) for thrust, intermediate and 
screw shafts and from equation’ (13), 
ay yo 4 
ca lle x 10° x Di Bite, ante SAMI E) 


2 (Lp) 


It is important to note from this equation 
that when caleulating the total stiffness of a shaft 
from a number of component stiffnesses in series, 
the summation must be done on the reciprocals 
of the component stiffness values, i.e. 

1 1 1 
On jo: Uae" Ca 
The effect of the shaft couplings is small but 

may be allowed for by adding I)/4 to the actual 
length of each section of shaft. 


1 
mash om ey 017) 


The effective length of the screw shaft cone is 
difficult to calculate, but it is the author’s 
practice to assume that the shaft penetrates to 
a point one-third of the total length of key from 
its forward end, making suitable allowance for 
the taper. 


In connection with tapered shafts generally, the 
following formula will be found useful :— 


4 
Ly = Bk +¢k+k? ax (3) - - (18) 
where k = ratio D,/D, 
D, = large diameter 
D, = small diameter 
D, = reference diameter 
lL. = actual length of taper parallel to 


axis. 


The contribution of the continuous gun metal 
liner to the screw shaft stiffness may be caleulated 


from the relation :— 
~ x (Ft)" 


L 
[Gn - 3] + 

= modulus of rigidity of liner material 
= say, 5 X 106 p.s.i. for gun metal 


In = G7 7D, - (19) 


Dz 


tL 


Gs 


where G, 


G,; = ditto for steel = 11:8 X 108 p.s.i. 
D,, = diameter over liner 
D, = shaft diameter under liner 


D,, = reference diameter. 
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I= E mod Bat =i 


Using these values, equation (19) reduces to 


L x (Ds hee 
ln = yy (P+) es | D. 
D. 
In practice it is sufficiently accurate to assume 
that the effect of the liner is to reduce the actual 
length of steel shaft beneath it by 15 per cent. 


- (20) 


(b) STIFFNESS OF CRANK SHAFTS. 

Crank shaft stiffness is obviously more complex 
to calculate than that of straight shafting. Not 
only do journals and pins twist but, in doing so, 
both bending and twist are set up in the crank 
webs. 


There are numerous formule in use for this 
purpose, such as Carter, Geiger, Heldt, Jackson, 


&e., but for most marine engines the use of 
Carter’s formula will usually give sufficient 
accuracy. 


Carter’s formula for crank shaft stiffness is : — 
0-75 Lh, LR gir 
D} — a} Ds — dt 1p xDt - (21) 


where (Fig. 16) L; = length of journal 

L, = length of pin 

D; = outside diameter of journal 
= inside diameter of journal 
= outside diameter-of pin 
= inside diameter of pin 
thickness of crank web 
width of crank web 
erank throw 

D, = reference diameter. 
For the smaller type of engine, say up to 
1,500 b.h.p., particularly those used for driving 
generators and where the crank webs are solid 
forged and basically rectangular, greater accuracy 
can be achieved by the use of a new formula 
recently evolved by Mr. J. Smith of National Gas 
& Oil Engine Co. on behalf of B.I.C.E.R.A. * 

This formula may be written thus :— 


+ 


(crank pin (crank pin 


(journal) twisting) bending) (two crank webs) 
L.\2 
L, Dg _ L, 3 }1+0.07( +") Di 4 2K RD# (5 
Ds—as ae TB® 
ms | 
=I, 


with notation as for Carter formula above, but 
having a coefficient, K, to take account of web 
distortion given. by the relation, 


2K = 4-541, .8° 


bAlnppys + 0-4885 
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3. FREQUENCY TABLES 


Having calculated the numerical values of the 
mass moments of inertia and the stiffnesses of 
the connecting shafts, it is necessary to operate 
on them by means of frequeney, or Holzer 
tables in order to determine the natural fre- 
quencies of the shafting system. The process 
is essentially one of successive approximation 
or trial and error, but fortunately the labour 
involved can be much reduced by intelligent “first 
guesses” at the required frequencies which may 
be derived by simplifying the multi-mass system 
to a 2- or 3-mass system (see later). 

The maximum inertia torque resulting from a 
simple harmonic oscillation of amplitude + 0 
radians and circular frequeney p radians per sec. 
*in a flywheel of moment of inertia J lb.-in.- 
sec.2 is given by 

Ake ap Ni etal sa es eras) A PM re (Oy 
since — p20 is the maximum value of the angular 
acceleration in such a motion. 


Consider now a shaft whose stiffness on a 
length x inches is C, lb.-ins. per radian twist, 
carrying a flywheel at its free end which is 
oscillating with S.H.M. of amplitude, 6, and 
circular frequency, p. (Fig. 17.) 

Take any section XX distant x along the shaft 
from the flywheel. 

Maximum inertia torque exerted by flywheel on 
shaft = Jp?0. Resulting twist in shaft over 
length x, 

_ J p20 
arr 
amplitude of oscillation of an imaginary 
massless disc secured to the shaft at XX will be 
6.=60—Aé9, 


This is the general relation on which the Holzer 
frequency tabulation method is based (see later). 


AO. 


* N.B.—Cireular frequency, p (sometimes also 
known as the phase velocity) is the angular 
velocity of rotation of the imaginary vector 
associated with the frequency of the torsional 
S.H.M. and is not to be confused with the angular 
velocity of vibration of the flywheel whose 
maximum value is p§ and occurs when the mass 
is swinging through its mean or equilibrium 
position, i.e, when 0 = 0. 


e2 


(OR HOLZER TABLES) 


Special Cases 


(1) SrveLte TorsionaL PENDULUM. 


It is clear that for given values of p and J 
there must be a value of x, and therefore C,, 
such that 0=0, i.e., a point on the shaft at which 
there is no vibratory motion, known as a node, 
or nodal point (Fig. 18). 


Putting 9, = 0 in equation (24), we have 


or = SO ak Ee Zo) 


It will clearly make no difference 'to the motion 
if the shaft were rigidly clamped at the section 
XX given by C =p?J. 


The frequency corresponding to the value of 
p given in (25) is then 

foe 

21 

60 


Pe 


= Cx 


21r be 
= 9504/5 V.pm. = "=: (28) 


This is the formula for the natural frequency 
of the simple undamped torsional pendulum. 


(2) Two-Mass 
freedom). 
In Fig. 19 let J,, J. lb.-in.-see.2 be the moments 

of inertia of the flywheels representing engine 

and propeller respectively and C lb.-ins. per 
radian be the stiffness of the line shafting. 


System. (Single degree of 


Imagine the system to be oscillating freely at 
its natural frequency F, v.p.m. with the flywheels 
sWinging in opposition to each other and with 
amplitudes 6, and 0, respectively. 

Then from equation (24) 


Jpé 
6, = (1—“F)e, 
Torque to left of flywheel (1), 
T, =Jpé 
Torque due to oscillation of flywheel (2) with 


amplitude 0, is 
T, =J.pé 0, 


= Jap? (1- Jp) 0: 


QO 


-. Total torque to left of flywheel (2) is 
T=.) tals 
: J, p2 
=91 Pe 0, + Jy pe(! — uP ) 0, 
But for an undamped natural frequeney no 


external torque is required to maintain the vibra- 
tion, i.e. 


Tz = 0, 

9 9 A ia 
ot J,p? 0, + Jyp2 (1 - Pe) 6, =0 
Dividing through by p20, , 


Ji +d, (1— “pe = 0) 


2 Cd +d, 
Le. pj = St Va) 


and - Fy = 9°55 pg 


if 7 
ce ST) ae V-pMsrrey (24 
Aah ds 


This is the formula for the natural frequency 
of an undamped 2-mass system, i.e., the 1-node 
mode. 


It is clear that in free vibration the inertia 
torque exerted on the shaft by one flywheel must 
always exactly balance that exerted by the other, 
ie., 


J, pe 0, = — J,pZ0, 
0, — Jy » 
ee ie ee ee 


The system can also be regarded as made up 
of two different torsional pendulums, of equal 
natural frequencies, fixed back to back at the 
nodal point, N, of the shaft with flywheels 
swinging in opposition. 


Thus, from equation (26), 
F, = F, = Fe 


OE ace { XL = 9°55 ( x2 
A rs 


Oxy da 
ae etl 
Also since, with a uniform diameter shaft, 
orp 2a 
Cyy x, 
o J, 0, s 
——. ise er rl —— - IQ 
Fy Wee barat st 


from equation (28) above. 
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In other words, the position of the node divides 
the equivalent length of shaft into two parts 
whose ratio is inversely proportional to that of 
the moments of inertia of the masses which they 
adjoin. 


Also the relative amplitudes of vibration of the 
flywheel masses are inversely as their respective 
moments of inertia. 


(3) TureE-Mass System. (Two degrees of 
freedom.) 


In Fig. 20 let J,, Jz, J, be the moments of 
inertia of three flywheels representing engine, 
flywheel and propeller respectively, assumed to 
be vibrating at a natural circular frequeney Pe 
radians per sec. with amplitudes 0,, 0,, 0,, 
respectively and connected by shafts of stiffness 
C, and C, as shown. 

Torque to left of flywheel (1) is 

T, =J, p? 0, 
.. amplitude of flywheel (2) is 


0, =0, (1— a) 


-. inertia torque contributed by flywheel (2) is. 
Skea bara 


=J, p? (1 ae “ye) 0, 


-. total torque to left of flywheel (2) is 
T, + Ti =, p26, +3ynt (: 2» 1a, 
1 


.. amplitude of flywheel (3) is 
6, <= De Fe eke rE T.)/G, 


=0, (: — “p22 ) — (T, + T,)/C, 
C, . 7 
"inertia torque contributed by flywheel (3) is 
T, =Js pé 9; 


eit [°. (: abel (T, +T,)/C, | 
1 


.. total torque to left of flywheel (3) will be 
T= T+ 7. + T 


J, pa F 
G. )O+ Jape O, 


1 
(: Sy pe mor pe Jy p? ie Jy pe 
G oe Oe C, 


lie pé 9, = is Aa (: _ 


But for an undamped natural frequeney there 
must be no external torque required to maintain 
the motion, i.e., 


Hed by 0, or 
T, To Te Dy eb 


.. dividing through by p2 @,, we have 


piles Dinas 
Keds (1 st )+43[(0- wt ) 
2 7 2 (: Tye) |=0 


which reduces to the form 


Cede) ans pala sto 
pe -| 1 tna af 2 i] pe + 
BS id el gue) 
ORICA ae eis a 2 
a dh Os dae Pe CO ee 


This is a quadratic equation in pé. having two 
roots readily ecaleulable from a knowledge of the 
C and J values of the system. These two different 
roots give two natural frequencies corresponding 
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to the I-node and 2-node modes of vibration 
respectively. 


In the 1-node mode two of the masses swing 
in opposition to the third, whilst in the 2-node 
mode the centre mass vibrates in opposition to 
the two end masses (see Fig. 20), 


In general, for a given system of n-+1 con- 
centrated masses connected by n elastie shafts 
there will be n degrees of freedom and as many 
possible modes of vibration. 


In marine shafting systems, other than geared 
installations, however, it is usually sufficient to 
consider only the 1- and 2-node modes, the 
frequencies of higher modes being such that only 
the small, high order, harmonics (say, beyond the 
12th order) could achieve resonance within the 
service range of engine speeds. 


The “order” of a vibration is defined as the 
number of complete vibrations per revolution of 
the shaft considered, that is 


Frequency (V.P.M.) = order number x R-pM. (31) 


4. MULTI-MASS SYSTEMS 


Naturally, when the number of masses in the 
system increases, the complexity .of the above 
algebraical method of solution becomes prohibitive 
and recourse is then had to the Holzer tabu- 
lation method already mentioned. 


Referring to Table 6, the values of the mass 
moments of inertia and shaft stiffnesses are first 
entered in Columns (1) and (6) respectively. 


The amplitude at No. 1 mass is assumed to be 
+ 1 radian at top of Column (3). Any value 
could in fact be chosen but, as will be seen later, 
it is more convenient to take 0, = + 1 radian. 


An estimate of the expected value of the 
natural frequency is then made, using one of the 
algebraical formule given above, and for this 
purpose reducing the more complex system to an 
equivalent 2-mass or 3-mass system. The 2-mass 
relation is close enough where only the 1-node 
mode is of interest, but since in most cases both 
l-node and 2-node modes have to be examined, 
it is more usual to make the exploratory caleu- 
lation on a 3-mass system. In order to obtain 
the equivalent stiffness between the engine and 
flywheel it is usual to take moments of the 
engine moments of inertia about the flywheel, 
using the equivalent elastic lengths as levers, and 


thus derive the “mass centre” of the engine 
moments of inertia at which the whole engine 
may be imagined to be concentrated. 


The next step is to multiply each value of 
moment of inertia, J, by p as derived from the 
3-mass calculation, the produets being entered in 
Column (2). Then, starting at mass No. 1, the 
value of J,p2 is multiplied by 0, = 1 and the 
product entered in Column (4) as the inertia 
torque contributed by No. 1 mass. Column (4) 
in general contains the inertia torque contributed 
by each mass in turn and Column (5) gives the 
summation of the inertia torques due to the mass 
considered and those which precede it, ie, for 
example, the value in Column (5) for No. 2 mass 

J, pe 


will be 
J, pe + J, p? (1 —o ). 
| 


Column (5) is of great practical importance since 
each value represents the vibration torque between - 
the mass on the same line in the table and the 
one below it for an amplitude of + 1 radian at 
No. 1 mass. The twists between masses, AO, are 
given in Column (7) by dividing the torque sum- 
mations in Column (5) by the shaft stiffnesses 
in Column (6) and the values of the vibration 


amplitudes, 0, at each mass are obtained in 


TABLE 6 


(0) (1) (2) (3) (4) (5) (6) (7) 
No. of J Ipa 0 T=Jp20 ZIpze C bo Pct 
~ : 2 ; . : i p AO 
MASS lb, -in.-see, ~ lb.-in. radians lb.-in. Ib.-in, 1b.-in.frad. a 
radians 
l J, J, pe 1-000 Vaite Ji pé Ci J pele, 
2 Jy Jope I—J, pée/C, Jopée—J, pelC, J pe +I ped pée!C,) C, ete, 
3 Je ete. ete, etc. ete. OF. 
{ ae C, 
ch etc. etc 
7 up J,pé 0, J,p26, 2(T) C, Z(T)IC, 
n+1 are Ing Pe On4 1 Jn 1 PE On, 1 Tr = = 


T= Z(T)+ Jn41PG9n4, = 0 for a natural frequency 


al 


Column (3) by deducting from the amplitude of 
the preceding mass the twist amplitude between 
the two masses as given in Column (7). For 
example, the amplitude of No. 2 mass will be 


Jie 
nears 
buted by each mass as given in Column (4) is 
obtained as the product of the values in 
Columns (2) and (3) and for No. 2 mass will be 


eve (1 = =e) 


The process is continued right through the 
Table, and if the correct estimate of the natural 
frequency has been made, the final torque sum- 
mation in Column (5) will be zero, since this 

n+ 
Te 2(T), 


mass (n+ 1), or J, in Fig. 20. 


) radians. The inertia torque contri- 


represents ie., torque to left of 


Usually at the first trial there will be a 
small positive or negative remainder torque in 
Column (5) and by plotting such remainders 
graphically against p?, it is easy to. estimate a 
sufficiently close value of the natural frequency 
after a very few trials. As a guide it may be 
noted that for the modes having an odd number 
of nodes, such as 1, 3, 5, &., positive remainders 
in Column (5) indicate that the frequency 
selected was too low and negative remainders 
that the frequency was too high. For modes 
having an even number of nodes, such as 2, 4, 
6, &e., these indications are reversed. 
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The chief advantages of the Holzer frequency 
tabulation method are as follows :— 


(i) It gives the relative values of the vibration 
amplitudes of the various masses referred to 
that of any given mass, usually No. 1 mass, or 
that at the free end of the engine. This enables 
the normal elastic curve, or swinging form, of 
the shaft system to be drawn, from which the 
nodal positions can be accurately determined. 
Incidentally, the approximate location of nodes 
is always given directly, being located in the 
sections where the amplitude, 0, changes sign and 
at one of these nodal sections the vibration torque 
as given by the summation in Column (5) will 
always be a maximum. 


(ii) It gives the amplitudes of vibration torque 
in each section of the shafting between masses 
for the assumed value of the vibration amplitude 
of swing at the reference mass, No. 1. Clearly 
these torque values will be directly proportional 
to the amplitude value there assumed. This is 
of great practical convenience, since if the 
resonant amplitude of swing at No. 1 mass (or,. 
in fact, at any other mass) can be measured, 
say, by torsiograph, then by proportion the 
vibration torques, and, hence stresses, at the 
various sections of the shafting can at onee be 
derived. 

(iii) Tables are readily checked and any 
numerical errors are usually easily picked up, 
since several trial tabulations are in practice 
required to determine each natural frequency. 


5. FORCED FREQUENCY TABLES 


The Holzer tabulation method can also be used 
to determine the relative amplitudes and vibration 
torques at frequencies removed from resonance. 
In such eases, of course, even in the absence of 
damping, an external torque applied at some 
point in the system is necessary to maintain the 
motion. The ealeulation presupposes, therefore, 
a numerical knowledge of the forcing harmonic 
torques applied externally, as, for example, at 
each cylinder “line” in a multi-cylinder engine. 


The following indicates the procedure required 
in the case of a multi-cylinder heavy-oil engine 
assuming equal numerical values, T;,, for the 
component harmonic forcing torques at each 
cylinder, and assuming also that they are all 
in phase with one another. 


An ordinary Holzer tabulation as in Table 6 
is first worked through, but using the forcing 
frequeney, p, instead of the natural frequency, po. 

A second table is then prepared, Table 7, in 
which the amplitude at No. 1 mass is taken as 
zero and the external torques, T;, are each added 
in at the appropriate points in Column (4). In 
the example taken the engine is imagined to have 
three cylinders only. The procedure otherwise 
is similar to that for a natural frequency 
tabulation except that the torques are, for 
convenience, divided into internal and external 
components as shown. 

The torque summation in Column (5) of 
Table 7 givea’T, = 2(T)er i LCT eo 
which can be evaluated from a knowledge of the 
value of 'T’,. 


TABLE 7 


——- __—————————__—__—r—————————————————————————— 


(0) (1) (2) (3) 
No. of 2 
Mass. J Ip 9 
I J, i pe 0 
2 A ve be —T,/C, 
1 
’ ee Dw deped 9 mm 5 Depo le. ont 
bch Santon =a! a an J,p20, +T, J,p?0,—“2h —t +3, 
1 a J,p? 0, J,p?0, _ ete. +3T;, | 
ete. etc. etc. ete. etc. _ +3T;, 
n bi J,p - * +3T, 
DAE idee y | Taga. Ses ca s0.eed — 2n(L) ant. 2(T)ext. 


(4) 3 (5) 


Summation of total 


Total torque 
torques from each mass 


from each mass 


Internal Ext. Internal Ext. 
0 +T, 0 +T, 
Jig hile ; Jop2r Hite 
=i) ? +T;, 7 +27; 


C, 


(6) (7) 
C Ad 
C, + TJC, 
’ =J, pT, , 21; 
bic C.0, +0, 
Os 1C,(J,p20,—" 2? Th 4 3T,) 
1 
C, etc. 
ete 
re 


ee reese 


Ty, = 2(T) int. + 2(T) ext. = X(T) int. + 3T, 


9T 


If in the ordinary Holzer tabulation as ealeu- 
lated for the foreing frequeney, p, we had used 
x radians at No. 1 mass, then the residual torque 
aft of the (n-+1)th mass would have been 
xT. In Table 7, however, the value of the 
residual torque. T, is independent of the ampli- 
tude assumed for No. 1 mass, since that is taken 
as zero for purposes of caleulation. 


The forced frequency tabulation is really the 
algebraical addition of the above two tables, 
hence it is possible to derive the value of x from 
the relation, 


eel =0 
or x = — a 
x = T, 
aoe [ 2 Rata Db] radians, 
aye 


since there can be no resultant torque acting 
on the system abaft the (n + 1)th mass. Having 
obtained the value of x, the resultant amplitudes 
and. torques are then derived as the algebraical 
sum of the values in Table 7 and x times those 
in Table 6. 


The method cannot be applied satisfactorily at 
frequencies too close to resonance, as the values 
of x become impossibly large and very sensitive 
to small errors in evaluating T,. This is of no 
consequence, however, because other methods are 
used in practice to caleulate the resonant or peak 
amplitudes (see Part 2). Fortunately, clear of 
resonance, the effect of damping is so small that 
the flanks of the resonant peaks can be evaluated 
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from forced frequency tabulations without signi- 
ficant error. 

As an illustration of the use of forced frequeney 
tables, it is now proposed to ealeulate in Table 8 
below the shaft vibration torque, Ty, in a two- 
mass system (such as an engine-propeller system) 
resulting from an harmonic forcing torque, T;; . 
applied at the engine at a non-resonant frequency, 
p radians per see. 


——— ALA ALS 


— Jop?/C,—1)T, Pere 
Jip? +d,p?U—Jp2/C,) 


Also, 
1 — Jap k-+ Le 
_ [J,p? (J.p?/C,—1) 3 
= Fernie pen Hie 
Je r 
= Gasties) Ty 
Shs 1 
=e aad = 32 
=> Te x AES Ie 1—(plp.)? (3 ) 
since p.2 oa ates 2) “from equation (27) 
APE 


Ws ’ : 
The quantity, T, x ] +7 , is known as the 
J,+d, 
1 
; ea g WS é zits 
‘equilibrium” torque and the factor, i—(po” 


as the undamped “dynamic magnifier” (see also 
Part 2). 


Clearly, whén p = p. at resonance, the 
dynamic magnifier, and hence the vibration torque 


TABLE 8 

— oe — ee 
oa J | Jp? 0 | Jp26 2 Jp20 CillaBAG 

Ie lids | Op? 1-00 J,p? pe C, WJ, p?/C, 

2 5 Poe 1—J,p*/C,, Jop?Ul—J,p?/C,) | Jyp?+J.p2?U—J,p2/C,) | — — 
= = eee ee ee eee a eee 

. Tr =J,p? + Jop? I— J,p2/C,) 
1 J, | J,p? 0 | ete Ocean C, |+T,/C, 
Ae Nid ga dg Pts | — al Og | —J,p?T,/C, (l— J,p?/C,) T, 
et ==G li — Jop?/C,)Ts 


in the shaft, would, in the absence of damping, 
become infinite. 


Fig. 21 expresses equation (32) graphically, 
Ty being plotted against the frequency ratio, 


pipe. This is known as the undamped, 2-mass 
resonance curve. It will be noted that at 
Dive os T= Jo 

,= 


as Free 


This is the same torque as would be induced in 
the connecting shaft if it were infinitely rigid. 
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6. GEARED 


With the increasing popularity of the geared 
heavy-oil engine drive, it is thought well to include 
a few notes on methods used to calculate the 
natural frequencies of geared systems. 


(a) Repucrion TO AN EQurvaLeNt SINGLE-SPEED 

SYSTEM. 

Calculations are much simplified by reducing 
the actual system, having shafts running at 
different angular speeds, to an equivalent single- 
speed system. 


The datum speed selected is usually the engine 
speed in heavy-oil engine systems and the pro- 
peller speed in turbine drives. 


In Fig. 22 (a) let J, and J. be engine and 
propeller moments of inertia respectively, C , and 
C, be pinion and line shaft stiffnesses respectively 
and Gy be the gear ratio 

engine speed 
= propeller speed 
Further, assume for simplification that the gears 
are mass-less and their teeth infinitely rigid. 


In Fig. 22 (b) let JS and C4 represent the 
equivalent values of J, ind Cy in Fig. 22 (a) 
referred to engine crank shaft speed and such 
that the two systems are dynamically equivalent, 
i.e., have the same natural frequency. 


Let 9, be the amplitude of vibration of J, 
in both systems and 0, , 0! be the amplitudes 
of the propeller in actual and _ equivalent 
systems respectively. 


datum speed 
other speed 


Considering the actual system, Fig. 22 (a), 
first, inertia torque in pinion shaft 


ene ios 


For in that case, angular acceleration of whole 
system 
torque 
total moment of inertia 
Ty 
J, td, 
+. torque required to give this acceleration to 


propeller mass, Jj, must be exerted by shaft and 
of amount, 
os 
a ) 


y=(\ 


SYSTEMS 


*. amplitude of pinion swing 
= 0,(1—J, p2/C,) 
and amplitude of gear swing 
0, ape 
Gp (1—J,pée/C,) 


the negative sign being required to take aceount 
of reversal of motion through the gears. 


Inertia torque in line shaft —GyJ pe 0, 


yas Gad sp? 
*. twist in line shaft =-— oie 2 
*. amplitude of propeller swing 
0 G J ) 70, 
i G, a—J 1Pé /C its : ages 
Ds ie fal G2 
=~ 2 ;)-1 
Ga [a0 (a; c) 


. Total torque abaft propeller, 


0, 1 G? 
fi = J.) re [3 », ( —— as ‘| 
R oPe G, De CG, ct CG, 


-_ Gad ipée 9 


mn 
r, = 0 


oo 


= Grd ype 0, 


But, for a natural frequency, 
Pas bed ee 
Jo pe Ga K iPe (c; 


Dividing through by pe 91 and reducing, we get 


GR 


2 AY V3 


ig, 22 


In the equivalent system, Fig. 22 (b), if GC’ is 
the total stiffness between engine and propeller 


masses and remembering that 


| 1 1 
Gr= G, 4 CG,’ we have 
C= WC p aides ) 
rvs 
AIS eres 


Comparing these two formule for p2, 
that for equivalence, 


Wit SG ah gr nis. eee 


and). CO. =O Gee Gey eciavgs feos = 


we see 


(35) 
(34) 


in other words, the gears may be “removed,” 
provided the actual propeller moment of inertia 
and line shaft stiffness are first divided by the 
(gear ratio).? 


This has been demonstrated only for a simple 
two-shaft system with massless gears, btt may 
readily be shown to be true for all geared systems 
irrespective of the number of masses or branches. 


It is also important to note two further rela- 
tions between actual and equivalent systems :— 


In the actual system the vibration torque, Te. 
in the line shaft is Gp times that, T(, in the 
pinion shaft, whereas clearly, in the equivalent 
reduced line shaft the torque equals that in the 
pinion shaft; also in the actual system it can 
readily be shown that the propeller amplitude is 


1/G, times that in the equivalent system, i.e., 
Ayes es Gn x 4 Ws “4 ¥ 5 a - a r (35) 
Bod Os 05/Gx So me al eae te re oe eo) 


(b) Muttr-Brancy .SysTEmMs. 


In multi-branch systems, such as illustrated in 
Fig. 23 (a), it is usually best to start by reducing 
the engine masses to single concentrated equiva- 
lent masses J,, -J., &¢., as already described in 
the section on frequency tables. The moments 
of inertia and shaft stiffnesses of all branches 
are then reduced to equivalent values at the datum 
speed selected, as indicated in 6 (a) above. 


Let Fig. 23 (b) represent this reduced equiva- 
lent system with notation as shown, branch (2) 
being the datum branch (in this ease the propeller 
branch). J% represents the aciual mass, Jq, 
of the gearwheel plus the equivalent mass of the 
two pinions. 
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Starting with branch (1), assume that ampli- 
tude of swing of mass, J‘, at a natural fre- 
quency is + 1 radian. Then, amplitude of gear 
masses, J(, will be 

0, =U — Jj pel) 
But considering branch (3), iG also 
0 = 6, (1 — J, pels) 
d= J} pele) 


= ae cil 
*= (i —J, pals) 
arth (1 — J) pa/C,) : 
Similarly, D5 if reneral, 
imilarly >= (T= J, pes) and, in general 
0, = Gi a pe FICy) 
(i — J/ pz]C/) 
Inertia torque applied to gear masses by 


branch (1) 

T, =9) pe -1 
and by branch (3), ; 1) paic! 
4 We ! (1 — J, pel&)) 
Dela DG (i= Jy pales) 
Inertia torque contributed by gear masses to total 
inertia ‘torque in branch (2) will be 

T= wee 94 
= J§ peGi—J;, pe[e4) 
.. total inertia torque in branch (2), 
T= 7, +T, + += T. + To 
NM! 
= Hine +d we SH 


» Ud-J; Pe (C1) an! Cc! 

Gait p2 Gr) + + Jo pe (1 J) pel[C;) 
But inertia torque applied by propeller, J,, to 
shaft in branch (2) is 
T, =Je po 

=J, pe oT — Ji pel) 

ae (ESA PTE (0 
and for equilibrium at a natural frequency 
T,=—-T, 


+---+ 


n , pe 


dey (ES 21 — Jj pel) Fay 8 
Tipe +45 a Tr paar * a 
r 4 (l—J ") 
ise WES ste Ha 
=— J, pe a —Ji pélC;) 
5 > = Dy, pales) 


Dividing through by p? (1 — J, pé/C)) 
and reducing, we get 


Fabth ou 5 
omar erE se Isp, ee 
Te ay 
te pelC;, rr 1 ie ee J, pelC, a 
Bae — too C, es 
pe — Cid, pe — C.J. pé — C155 


CL 
Gadawenpe a0 ae 
C J C, 
Oia) gies oes ees ze Po 
G (Oe: Bi pé — Pe | Pp 
tA ng Spe ats IY le hie (87) 
mare — Pr 
where p? = C/J,, p} = C, JJ, etc. 
, Le. Dis hoe - - - p, are the natural circular fre- 


quencies of the n branch systems, each imagined 


TABULATION METHOD FOR 


In geared systems with several masses in one 


or more branches, such as reciprocating engine 
masses, it is desirable, and usually necessary, 
after having derived the approximate values of 
the natural frequencies by the foregoing methods, 
to make a final check calculation using the tabu- 
lation method but in this case inserting the actual 
values of moments of inertia and shaft stiffnesses 
instead of the equivalent single-speed values. 


Thus, if in the three-shaft system shown in 
Fig. 23 (a), T, is the specific vibration torque 
to the left of the pinion, J,,, resulting from the 
summation of all the inertia torques XT, in 
engine branch (1) for + 1 radian amplitude at 
the free end of that engine, i.e., at No. 1 engine 
mass, and §,, is the corresponding specific 
amplitude of the pinion mass, J,,,, obtained in 
the usual way from a normal frequency table, the 
caleulation would then proceed as shown in 
Table (9). 


Since pinion and gear shafts rotate in opposite 
pinion speed 


gear speed ” wal be 


directions, the gear ratio, 


negative, say, —Gy,. The actual specific ampli- 
tude, 04, of the gear, Jg, will therefore be 
— 9,,/Gy, and the actual specific inertia torque, 
T,, transferred to the gear from the pinion of 
engine branch (1) will be —G,, x T%. 


Considering now engine branch (3), let k.0., 
be the specific amplitude of the pinion mass, 
Topas for an amplitude, 0, at the free end of ihe 
engine masses in branch (3) and T!, = q,0, be 
the corresponding vibration torque to the left of 
the pinion. If —G,, is the gear ratio for 
branch (3), then amplitude of gear, J,, for an 
amplitude, 8., at No. 1 mass of engine branch 
(3) will be — k,0,/G,,. But this amplitude 
must obviously be the same as that derived from 
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to be a simple torsional pendulum fixed at the 
gear masses. 


Equation (37) will have n roots in p? corre- 
sponding to the n possible modes of vibration 
of the complete’ system. Where there are more 
than two branches, the solution of this equation 
is probably best earried out graphically or by 
trial and error. 


MULTI-MASS GEARED SYSTEMS 


branch (1). 
sions, we get 


= k303/Grs he 6.1/GR, 


Gra 
0. = Oy k me) 


This enables 0, to be determined, since clearly 
all the other quantities in this equation are known. 


Therefore, equating the two expres- 


The specific vibration torque, T., transferred 
to the gear from the pinion of engine branch (3) 


will be — Gp, x TS or 
dl iE yt qs 9; 


G 
= — Gus X qy 8), (ee Gp ) 
1 


Gx) 
k3Gp, 


from which T., is known. 


a> sais 0,1 


A similar procedure is carried out for all other 
engine branches, a specific vibration torque at 
the gear, T,, and free end amplitude, 0,, being 
derived for each. 


For the propeller branch (2), if 0, is the 
propeller amplitude, then the gear amplitude is 
clearly given by 0, (1 — J, p2/C,) and equating 
to the value deduced from branch (1), 

= = 91 
te ea Gry @ FF Jy pélCy) 
and the specifie torque in the shaft of stiffness 
C, will be 
ig. ==") sagas 
Jee Oey 

= Gi, (Ls Tepajo,) 

from which T, is known. 


The inertia torque contributed by the gear 
alone to the total vibration torque in the pro- 
peller shaft will clearly be 

Tg =—Jy pé 8,1/Ga, 
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TABLE 9 


EncinE Brancu (1) 


Mass J Jpé 0 Jpz0 ZI peo C Ad 


( Jal "ade 1-00 Da De Ch Jn Days 
Engine } Ja | Jape ete. ete. ete. C ete. 
Ui Jy Jape ” S Dag i CZ = 
Pinion” | J,,;! J,ip2 ihe Jerbe Gey Ahh 
+55, pée9,, 


Gear ratio = — Gy, 


Gear amplitude, 0, = — 9,:/Gn, and specific torque, T, =—G,, x Ti 


ENGINE BRANCH (8) 


(| Js Jape 0; J,pe0, J pes C4 JspeO,IC, 
| 
Engine { Je | “Jen etc. ete. ete. C, ete. 
L Je J eb ” ” aT, Of ” 
Pinion Ins Jispe k,0, Ji3pek,05 T,=2T, 
= Tis sali =(,0, = = 


Gear ratio = — Ga, 


Gear amplitude, 0, = — k,6,/G,, = — dey ieee 


and specific torque, T, = — Gp, x Ti 


g3 (Gr: 
or as = — Ges & (et) x 9,1 


PROPELLER BRANCH (2) 


Propeller] J, | Jspé 0, Jp. Appgakds)= = 1NS res J,pé6,/0, 
Gear Ja | Jape Op Jan20, 
— Av 


_ ee 


Thus, finally, equating the total inertia torques 
from engine branches plus gear to that of the 
propeller, we get for a natural frequency, 


T,+T3 + ---+T,+Te.=—Ty 
or — Ga, Th = a (Ge) a, 9, age (ae )®: 
_Is pe i) Io pé 0 = - (58) 


Gry RLS. Gey IJ, pe]C.y E 


If equation (38) does not give a zero remainder, 
then the value selected for the natural circular 
frequency, p, must be adjusted until this con- 
dition is satisfied. 


The work may conveniently be arranged in the 
form indicated in Table (9), from which the 
normal elastic swinging form is readily con- 
structed (Fig. 23 (a)) and the specific vibration 
torques directly given for each branch in terms 
of a swing of + 1 radian at No. 1 mass of 
branch (1). 


This method has a number of advantages, 
including the direct derivation of vibratory loads 
on the gear teeth and the readier calculation of 
both energy input and damping energy when 


determining the amplitudes of torque at reson- 
ance, the discussion of whieh is ineluded in 
Part 2. 
From Table (9) gear amplitude, 
6, = 8.11 — Js pelCy) 
= =O Gn 


*. Propeller amplitude, 6, = — Ww 

. bi anes, pe/@,) 
*. specific torque, T, = Jy pe®y, a 
= AR pk 2) 
and if T, stud 58 + Ts = h= = (0), , the \ value 


selected for De was correct. 


General remarks on natural frequencies 
of marine installations. 

As a rough guide to the numerical values of 
natural frequencies commonly occurring in main 
and auxiliary marine installations, the following 
table may be found useful. The heavy-oil engine 
figures apply generally to the fairly heavy, slow- 
speed, direct--coupled type of propulsion unit 
and to generator engines, say, from 150 to 
500 kw. running at about 500-600 r.p.m. 

With fast-running heavy-oil engines and steam 
reciprocating engines, such as are commonly 


TABLE 10 
ae a ee 


Type of Installation 


Matin ENGINES : 


Steam reciprocating (amidships) - - 
95 * (aft end) - : 
» turbine (amidships) - - 
a »  (aftend) - : 2 
Heavy-oil engines (amidships) — - : 
% 3 » (aft end) = ~ 


AUXILIARY GENERATING SETS : 


Heavy-oil engines (close-coupled) - 


Range of natural 
frequencies (v.p.m.)_ 


1-node 2-node 


- 150-250 
- 350-500 
- LO0-200 220:-350* 
- L200 220-350" 
- 150-250 800-1,200 
- 300-600 800-1,200 


- 2,000 - 4,500 3,000 - 8,000 


—eIeGuc03033JQyQO00”¢=u0—e OO — — — — — 


* For articulated gears only. 


For interleaved and nested gears the critical speeds, even with 


4-bladed propellers, will be well above service speeds. 
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employed in geared drives, also in high speed 
generating sets running at upwards of 1,000 
r.p.m., the natural frequencies will probably be 
appreciably higher than indicated in Table 10. 


With oil engine drives it is important to note 
that the 2-node, or engine, natural mode gives 
a node in the crankshaft at which the vibration 
torque and stress are a maximum. The second 
node in all amidships and most aft end instal- 
lations occurs close to the propeller and the 


associated torque and stress in the straight 
shafting are negligible (see Fig. 20)). This 


has also the convenient result that the 2-node 
natural frequency and swinging form are practi- 
cally unaffected by changes either in propeller 
moment of inertia or line shaft stiffness, nor will 
propeller damping be at all important, except 
in the ease of certain very long multi-evlinder 
engines fitted aft (say, 10-12 cylinders). 


It is for this reason that it is possible to give 
provisional approval to the torsional vibration 
characteristics of engine-flywheel systems built 
for stock purposes before the details of propeller 
and stern gear are known (see Circular No. 1843), 


The 1-node, or line shaft, mode usually has its 
nodal point somewhere in the engine third of the 
total shaft length and the vibration torque and 
stress are a maximum in the line, or screw, shafts 
being negligible in the crankshaft, except in the 
case of very long multi-cylinder engines fitted 
aft, where the node and the maximum stress may 
fall in the crankshaft. 


The 1-node natural frequency of both turbine 
and heavy-oil engine drives is governed very 
appreciably by the propeller moment of inertia, 
and in certain cases where a heavy critical speed 
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is caleulated to occur just outside the operating 
range of engine speeds, experience has shown 
the wisdom of “swinging” the propeller as a 
check, either as a_ torsional pendulum, or by 
using bi- or tri-filar suspension, before placing 
in service in order to verify that the propeller 
blade thicknesses, as made, are in agreement with 
the design figures. This is especially important 
with the smaller propellers where errors com- 
monly oceur and have proportionately greater 
influence on the effective moment of. inertia. 
Cases have been known where the actual 
moment of inertia has been anything between 
50 per cent. and 100 per cent. greater than 
designed with, in one or two cases, very serious 
consequences, inasmuch as a major critical, 
believed to be located safely above the service 
speed, was, in fact, in almost exact coincidence 
with it! 


In most turbine installations the moment of 
inertia of gearing and turbines is usually so great 
compared with that of the propeller that it is 
possible to calculate the 1-node natural frequency 
closely enough from the assumption that the pro- 
peller and line shafting form a simple torsional 
pendulum fixed at the gears. 


Close-coupled generator sets, i.e., those having 
no bearing between flywheel and armature, usually 
have the node and maximum stress for the 1-node 
mode in the crankshaft journal nearest the 
flywheel and the frequency is relatively little 
affected by generator moment of inertia or 
armature shaft stiffness. The latter, however, 
have considerable influence on the 2-node mode, 
in which one of the nodes and the maximum 
torque and stress commonly occur in the armature 
shaft. 
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Discussion on Mr. S. Archer’s Paper 


TORSIONAL VIBRATION FROM THE 
PRACTICAL VIEWPOINT 
(Part 1) 


AUTHOR’S INTRODUCTION 


In seeking to apportion the blame for this 
paper with which you have been. afflicted. 
two gentlemen in particular stand out. Dr. 
Dorey, if he will forgive me, is undoubtedly 
the chief offender, inasmuch as it was he who 


in the late 20’s recognised the importance of 


the subject in relation to the then rapidly 
developing heavy oil engine. He performed 
the initial studies and research work in order 
to ensure that the Society would be fully “‘on 
the top line’ when it came to investigating 
and discussing with builders, such as Bur- 
meister & Wain, Sulzer’s and others, shafting 
failures caused by this previously little under- 
stood phenomenon. 


This progress was worthily maintained by 
Dr. G. H. Forsyth (now with Vickers-Armstrong) 
under whom I had the privilege of serving for 
a number of years, and who, incidentally, was 
responsible for the introduction of the Society's 
Guidance Notes for Torsional Vibration Stress 
Limits, among other things! 


Those earlier days were never dull and I well 
remember Dr. Forsyth’s reply to a questioner 
who wanted to know why we at Lloyd’s Register 
meddled in such a seemingly theoretical subject 
as torsional vibration. ‘‘Well, Sir,” he replied, 
“when an Owner threatens to withdraw 14 
ships from class on account of repeated tail- 
shaft failures it’s high time that a Classification 
Society took steps to know all there is to know 
about the subject!” 


In regard to the genesis of this paper, Mr. 
“Elkie” Knowles, Mr. Charles Reed of Liverpool 
and Mr. W. Nicholson of Montreal, have all 
asked me for a simplified paper on the subject. 


Those who have read the paper will perhaps 
wonder why I have divided it into two parts. 
One reason was that the subject divides itself 
naturally in this way, inasmuch as the things 
which matter are, firstly, the position of critical 


speeds in relation to the operating range of 
revolutions and, secondly, their magnitude in 
terms of fatigue stress in the shafting. 


The first part can be considered entirely 
independently of the second, although this 
cannot be said of the second part, since, e.g., 
damping forces depend partly on the frequency 
of the vibrations. 


To be quite honest, however, the main 
reason was that I was unable to complete 
Part II in time and, moreover, we are just 
now in the process of investigating improved 
methods of calculation which we hope will 
eventually lead to closer agreement between 
calculated and measured stresses. It may 
therefore turn out to be an advantage that 
Part II has had to be deferred. 


Writing this paper has been rather like a 
distillation process, inasmuch as it is so very 
easy to achieve text-book proportions. For 
example, the standard work on the subject is 
Dr. Ker Wilson’s book, in two volumes. 
Volume 1, covering the aspect dealt with in 
Part I of the paper, contains over 700 pages. 


I have endeavoured in the paper to avoid 
all necessity for the use of the calculus, but 
I must emphasise that to gain a reasonable 
understanding a certain amount of algebra 
must be put up with. 


I wondered whether it would be necessary 
to include a short appendix on Simple Har- 
monic Motion, but decided against it for 
economy reasons, as in any case it can be 
found in any text-book of physics or applied 
mechanics. 


MR. H. N. PEMBERTON 


Mr. Archer’s paper deals with an important 
part of the subject of torsional vibration and is 
primarily intended to show how natural fre- 
quencies are calculated for shafting and geared 


systems. The methods are set out in detail, 
and surveyors who are sufficiently interested 
will be able to follow these through step by 
step. 


Mr. Archer has endeavoured to describe the 
nature and causes of torsional vibration, and I 
think he has wisely treated the matter seriously 
rather than attempted to reduce it to what 
would be a popular but nevertheless inadequate 
picture of such a specialised subject. 


In these days when machinery installations 
are becoming more complex and high powers 
have to be transmitted through gears, shafting 
and propellers, when investigation of problems 
of engine balance in association with hull vibra- 
tion come within the scope of the technical 
services of a classification society, it is neces- 
sary forall surveyors to be at least well informed 
on the subject of vibration, and I am sure they 
will find it worthwhile to spend some time in 
studying Mr. Archer’s paper. 


Hitherto, the Society’s approval of torsional 
vibration characteristics has been confined to 
heavy oil engines and aft end geared steam 
turbine installations. It will be observed, how- 
ever, that in the latest revision of the Rules 
provision has been made for the submission of 
torsional calculations for steam reciprocating 
engines of a certain type and where critical 
speeds within the range of working speeds can 
be anticipated. A 5 per cent reduction in inter- 
mediate shaft size is permissible where these 
calculations confirm that the shafting is free 
from excessive vibration stress. 


MR. M. M. PARKER 


Mr. Archer has given me, at all events, some 
idea of the subject to which T am entirely an 
outsider. 


I should like to call the attention of the 
meeting and of Mr. Archer to the fact that the 
idea of this paper originated in a letter we 
received from Mr. Guthrie of Lisbon several 
years ago, who asked the Committee to find 
someone who would write a paper on the 
subject of Torsional Vibration which might be 
of some help to the ordinary surveyor from the 
practical point of view. 


I must say that I do not feel that Mr. 
Guthrie has been fully answered, and I hope 
that perhaps in the course of replying to the 
Discussion Mr. Archer may be able to give 
some advice to the surveyors as to what they 


are to say and what they are to do when 
confronted by a chief engineer who complains 
that he is suffering from torsional vibration. 
Possibly this is not likely to occur for I gather 
that this is a disease which shows no symptoms 
before the death of the patient! 


MR. G. M. BOYD 


Mr. Archer has done a good piece of work 
in compressing the essence of a complicated 
and difficult subject into a small compass and 
into a very readable form. 


At first sight the layman is likely to be 
daunted by the profusion of mathematical 
symbols, but on closer examination these are 
not so formidable as they appear. The Author 
has made matters more difficult for himself by 
studiously avoiding the caleulus, no doubt with 
the best of intentions. 


The paper is relatively readable considering 
the complexity of the subject, but it contains 
several expressions which amount to jargon 
peculiar to this field of study and this renders 
some passages difficult for the laymen to follow. 


For example, the term “‘circular frequency” 
(page 11) is by no means self explanatory, and 
the footnote does not help. One gathers, how- 
ever, that in symbols, p=2t/T where p is 
the “circular frequency” and T is the period of 
the vibration. 


Another example is the term “‘order’’, defined 
on page 13. According to the definition given, 
the “order” is related to the speed of the shaft, 
which is, of course, not necessarily related to 
its natural frequency. In classical dynamies 
of vibrations, however, the term “‘order” is 
reserved for distinguishing harmonies, which 
are said to be of second, third, fourth, ete., 
order, The ‘order number” is therefore always 
an integer, but in the definition given in the 
paper it is not necessarily an integer, since the 
period of the vibrations of the shaft is not 
necessarily a multiple or submultiple of the 
period of revolution. One gathers that in the 
context of the paper the term ‘‘order” refers 
to the exciting impulses rather than to the 
vibrations of the shaft and that a tacit assump- 
tion is made that the exciting impulses repeat 
themselves in each revolution. Thus, an 
impulse which oceurs twice in a revolution 
would be a “second order impulse”. It may 
be that in the paper it is assumed that the 
shaft always vibrates in phase with the exciting 
impulses, 


The formula 17 on page 10 is of the same form 
as those for compounding resistances in parallel, 
thermal conductances, etc., and is inherently 
somewhat laborious to manipulate in computa- 
tion. Its evaluation can be facilitated by means 
of a nomogram based on the geometrical 
property illustrated in diagram A on page 7. 
The nomogram, of which an example is shown 
in diagram B, consists of two parallel vertical 
lines at any arbitrary distance apart, gradu- 
ated to a suitable linear scale, and joined by 
horizontal guide-lines. The method of use is 
indicated by an example in diagram B and it 
can be seen that a series of terms can be com- 
pounded by successive operations. 


. 


The diagrams, Figs 1, 2 and 3 of the paper 
are somewhat puzzling to the uninitiated, since 
it would appear from them that for each of the 
three types of shaft there is a certain “‘barred 
speed range”, which is a fixed fraction of the 
service speed, regardless of the characteristics of 
the shaft. It would seem, however, that the 
critical speed, which determines the ‘‘barred 
range’, should depend on the diameter, length, 
loading, ete., of the shaft and not directly on 
the speed at which it is intended to operate 
in normal service. Perhaps the Author will be 
good enough to elucidate this point and also to 
explain the meaning of “transient criticals’’, 


The Author will no doubt appreciate that 
these remarks are those of a complete stranger 
to the subject, but since the paper is clearly 
addressed mainly to the layman he will no 
doubt bear indulgently with naive comments, 
which are not intended to detract in any way 
from the value and interest of the paper. 


MR. J. M. MURRAY 


This paper presents in a very straightforward 
and clear manner what is essentially a complex 
subject. It is not to be expected that the 
subject could be rendered simple, but the 
Author has at least removed many obscurities. 
Torsional vibration is a subject on which the 
Author is well qualified to discourse because 
he is an authority and his contributions towards 
the theory of the subject have done much to 
advance knowledge on the subject; his paper 
on “Contribution to Improved Accuracy in 
Calculation and Measurement of Torsional 
Vibration Stresses in Marine Propeller Shaft- 
ing” read before the Institution of Mechanical 
Engineers may be mentioned as an example of 
this. 


I was able to peruse this paper with a com- 
pletely detached outlook, for torsional vibra- 
tion of shafts, however annoying and serious 
it may be to engineers, has no influence what- 
ever on the ship’s hull. The ship surveyor, 
therefore, may regard this phenomenon as one 
of those misfortunes which befall his friends 
and, therefore, human nature being what it is, 
can view it in a dispassionate light. 


The following points aroused my interest :— 


(1) It is mentioned on page 5 that resonance 
may be avoided by increasing the damping 
efficiency of the propeller. This can only be 
effected by altering the geometrical charac- 
teristics of the propeller, and it appears that 
the efficiency of the propeller might suffer 
thereby in some cases. 


(2) On page 8 it is stated that the dry 
moment of inertia of the propeller is usually 
increased by 25 per cent to take account of 
entrained water. In view of the uncertainty 
in this matter it seems that the moment of 
inertia of the propeller could be obtained 
with sufficient accuracy by means of approxi- 
mate methods rather than by detailed 
calculation. 


(5) Some clarification of Equation 23 might 
be desirable. The idea of a radius vector 
representing an angle and not a distance may 
be unusual to many. 


(4) The assumption that a geared system 
acts homogeneously seems to me to be 
slightly unreal. I should imagine that due 
to backlash in the gears, the components of 
the system would be inclined to vibrate in 
their own natural frequencies. 


The Author’s remarks on these points would 
be appreciated. 


MR. G. M. SELLAR 


On page | the Author states that Lloyd’s 
Register was the first classification society to 
provide protection against shaft failures from 
torsional vibration. It is my impression that 
this distinction should go to Germanischer 
Lloyd who, some 25 years ago, required in 
their Rules that ‘torsional’? particulars be 
submitted. 


On page 2 are shown graphs of permissible 
shaft stresses. It would be informative if the 
Author would explain why, for erank and 
screw shafts, the stresses for continuous 


running (f,) are the same at service speed but 
different elsewhere in the speed range. 


On page 3 the Author refers to the omission 
of vibration stress requirements in the Rules 
and the necessity for the continuance of 
guidance notes. In this connection it would 
be useful if he made clearer just what can be 
accomplished by calculation, as few surveyors 
outside the Torsional and Research Departments 
have any real understanding of the limitations 
and difficulties of this part of the Society’s 
activities. As I understand the position, cal- 
culations for natural frequency are straight- 
forward and can be completed within 5 per 
cent accuracy from drawing sizes and weights, 
although differences between the engine 
shafting system on paper and as_ built may 
introduce further small errors. By contrast 
the calculations for stresses are’ complicated 
and unreliable due to inadequate theory 
and lack of damping data. In consequence, 
vibration stresses can only be approximately 
estimated on the basis of torsiograph measure- 
ments of comparable installations. 


As instances of errors in natural frequency 
I have in mind the case of 6 “Liberty” ships 


AUTHOR’S 


To Mr. H. N. Pemperron 


The Author would advise all -his engineering 
colleagues to note well Mr. Pemberton’s remarks, 
particularly perhaps the younger men who most 
certainly will be called upon in the. future to 
show an intelligent appreciation of vibration 
problems, whether in the “backroom”? at Head 
Office or, perhaps, even as a lone surveyor in 
Mombasa or Valparaiso. 


To Mr. M. M. Parker 


The Author is glad to know that his efforts 
have not been altogether in vain, at least, so 
far as Mr. Parker is concerned: 


His hypothetical question raises many 
interesting possibilities ranging from a cable 
to Head Office (always safe!) to the wise look 
and, “Tell me where it hurts” of the G.P. in 
his approved bedside manner! First of all 
it should be explained that although some 
torsional criticals show no outward, visible 
or audible evidence of their existence, the 


where at the time of the post-war tail shaft 
troubles, torsiograph records taken by experts 
in U.S.A., U.K. and the Continent showed 
natural frequency variations which in terms of 
3rd order critical speeds ranged from 72. to 
79 r.p.m. for presumably identical machinery 
installations. 


On page 10 formule for crank shaft stiffness 
are given. Are these applicable to built, semi- 
built and solid shafts? 


On page 23 it is stated that the nodal point 
of the 1-node mode is located in the engine 
third of the total shaft length. Is this statement 
applicable to systems with steam machinery? 


An explanation of the bi-filar suspension 
method of checking propeller moment of inertia 
would be useful. 


The Author has done a useful service for his 
engineer colleagues in producing a relatively 
simple explanation of the methods employed 
in torsional vibration calculations—so far as 
such a subject can be simplified—and his paper 
will be most helpful to those wishing to acquire 
a better understanding of shaft vibrations. 


REPLY 


majority, if of any magnitude, most certainly 
do. This may vary from a high frequency 
rattle to a low-pitched rumble and is especially 
noticeable with crank shaft criticals. If the job 
is geared and the critical should occur in the 
lower speed range where the mean transmission 
torque is small, the characteristic noise of gear 
hammer is the best large-scale ‘Geiger’ one 
could wish for! 


In any event, where the critical is audible, 
the obvious advice is just plain, “Don’t run on 
it, or, if you have to, then get through it 
quickly until such time as you have consulted 
a ‘specialist’ and had your torsiograms taken!” 


To Mr. G. Boyp 


The Author is grateful to Mr. Boyd for his 
interest and for his stimulating questions which 
are of value in clarifying certain points in the 
paper. 


It is agreed that by deliberately avoiding the 
use of the calculus the Author has made things 
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more difficult for himself, but since after all 
the prime purpose of the paper was not to save 
himself work but rather to clarify the subject 
for certain of his colleagues, Mr, Boyd’s com- 
ment rather loses its point. 


As already explained verbally, the possibility 
of including an appendix on the mechanics of 
Simple Harmonie Motion had been considered 
but was rejected on the score that it would be 
familiar to all his engineering colleagues and, 
if not, could readily be looked up in any text- 
book of physics or applied mechanics. For 
those.who have a copy of Mr, Costantini’s 
excellent paper on “Ship Vibration” (L.R : 
19) there is included. there an appendix on 


8.H.M. 
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Mr. Boyd is quite correct in pointing out 
that the term “order”? has a different. inter- 
pretation in classical dynamies from that 
indicated in the paper, although an alternative 
and better term also encountered is “degree”. 
Kither expression is intended to refer to the 
fundamental mode of vibration, or swinging 
form, or normal elastic curve, and its harmonics 
as distinct from the harmonies of the exciting 
force or torque, for which the term ‘order’ is 
properly reserved in the paper in line with all 
current torsional vibration literature. From 
this it follows that the definition given in the 
paper 7s, in fact, necessarily an integer (or more 
strictly, either an integer or an. integer plus 
one half, depending. upon whether the period 
considered is one or two engine revolutions for 
2-8.C. or 4-8.C. types, respectively). This can 
be seen from the fact that also at non-resonant 
speeds the system will vibrate with the same 
frequencies as the exciting torques, i.e., as the 
particular harmonies or order numbers of the 
total periodic residual torque from the engine 
cylinders. It should, however, be noted that 
the harmonic number and order number only 
coincide in the case of 2-8.C. engines and that 
with 4-S.C. engines the order number is one 
half the harmonic number for the whole com- 
bustion cycle. It is not assumed that “the shaft 
always vibrates in phase with the impulses” 
it is, however, correct to say that the shaft will 
vibrate with the same frequency as the exciting 
torque, which is not at all the same thing. 


Mr. Boyd’s suggested nomogram for com- 
pounding of shaft stiffnesses in series suffers 
from the drawback that two operations are 
required. A better method employing three 
scales and requiring a single operation only is 
shown in Diagram ©, page 8. This was in use 


in the Torsional Vibration Dept. some years ago, 
but experience proved that it was quicker to 
calculate the reciprocals on a slide rule. 


It is agreed that, taken out of their context 
in the Modified Guidance Notes (Jans, 1952), 
Figs. 1, 2 and 3 of the Paper may in some re- 
spects require further explanation. The peaks 
of the critical speeds shown dotted in each dia- 
gram are only illustrative in character and show 
in each case the limiting value of a transient 
critical for an 18-inch diameter shaft and its 
closest acceptable approach to the service speed 
as indicated by the intersection of its upper flank 
with the f,. line for 18-inch diameter at not more 
than 0-85 N, for crank shafts and 0-80 N, for 
straight shafting, N. being the normal service 
speed. The “barred” speed ranges shown are 
again only illustrative and represent diagram- 
matically the ranges which should be avoided 
for continuous operation if criticals were located 
in the positions shown. 


A “transient critical’? may be defined as a 
critical speed which induces too great a stress 
in the shafting for continuous operation, but 
may be passed through safely in manceuvring 
or run on for very short periods only. It is not 
to be confused with the impulsive phenomenon 
associated, for example, with electrical power 
lines. 


To Mr. J. M. Murray 


The Author is very much indebted to Mr. 
Murray for his kind remarks. 

Mr. Murray’s self-confessed comfortable state 
of detachment is indeed enviable since it is 
probably superior to that of the engineer ‘on 
the subject of hull breakages—the latter is at 
least concerned in his friend’s misfortunes to 
the extent of annoyance at having his shafting 
fractured, or at worst losing his machinery 
altogether! 


Taking Mr. Murray’s points seriatim the 

following comments are offered :— 
(1) It is not stated in the paper that 
resonance can be avoided by increasing the 
damping efficiency of the propeller, but that 
the effects of resonance may be mitigated 
thereby. Broadly speaking, the coarser the 
pitch of a screw the better its damping 
properties. In some cases coarsening the 
pitch may improve the propulsive efficiency, 
in others it may achieve the reverse, It 
would be necessary to consider each case on 
its merits. 


(2) It is agreed there is some uncertainty 
as to the exact addition to be made to pro- 
peller moment of inertia to allow for entrained 
water effects, but the figure of 25 per cent 
has been found over long years of experience 
to be sufficiently close to the mark for the 
vast majority of propellers. 


Approximate methods of calculating pro- 
peller moment of inertia, e.g., weight x (esti- 
mated radius of gyration)’, can easily be as 
much as +15 per cent in error, hence it is 
always desirable to make the detailed 
calculation where a plan is available. 


To illustrate this point, suppose ini a given 
propeller the approximate estimate of dry 
moment of inertia is 15 per cent too great 
and the allowance for entrained water may 
be in error to the extent of +4 per cent, ie., 
instead of +25 per cent allowance this may 
be something between +20 per cent and 
+-30 per cent. 


Then the 
between 
1:15 x 0-96 = 


possible error would range 


1-104 


and. 1-15 « 1-04 = 1-196 
ie., from +10-4% to +19-6% 
with a detailed calculation, the range of 


possible error would be only +4 per cent. In 
other words, the likely variation in entrained 
water allowance has much less influence than 
the possible errors due to approximation of 
radius of gyration. 


(5) Equation 23 is, of course, the well-known 
simple harmonic relation which states that the 
{ linear 

( angular 


to the | linear 
| angular 


in Opposition to it, or in symbols, 


acceleration is directly proportional 


displacement and is directed 


for linear motion 
for angular motion 


x= —p'x 


6 = —p’0 
where p? = aconstant. Frequently w is used 
instead of p for this constant, which repre- 
sents the constant angular velocity of the 
radius vector whose projections on vertical 
or horizontal axes give for angular motion 
the S.H. functions, 0) sin pt or 0, cos pt, 
0, being the maximum angular displacement. 


(4) A geared system can only be considered 
to act homogeneously provided there is 
sufficient mean transmission torque loading 
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between the teeth to maintain contact when 
the vibratory torque is superimposed. Thus 
if the mean transmission tooth load at a 
given critical speed were P lbs. and the 
vibratory tooth load were also +P Ibs., 
then the resultant tooth load in Ibs. would 
vary between 2P and zero over one vibration 
cycle, i.e., tooth separation and gear hammer 
would be imminent. 


To Mr. G. M. 


The Author agrees with Mr. Sellar that the 
Germanischer Lloyd preceded Lloyd’s Register 
in including a reference to torsional vibration 
calculations in their Rules, but his information, 
obtained from Germany, is that this did not 
appear until 1938, certainly not as long as 
25 years ago. Furthermore, the provision of 
such calculations was, and still is, optional, 
only being submitted in cases where firms find 
from their own calculations that the shaft 
diameters as determined by the normal Rules 
would result in dangerous stress conditions. 


SELLAR 


It may also interest Mr. Sellar to know that 
Lloyd’s Register played a pioneering part. in 
these matters long before 1938 and many 
investigations were carried out, both on land 
and marine installations, at a time when a 
detailed knowledge of torsional vibration theory 
and practice could not be culled from text- 
books. The Author, therefore, feels fully justified 
in maintaining his assertion that Lloyd’s 
Register have in fact led the world among the 
classification societies in the field of torsional 
vibration of oil engine shafting. 


The slope of the graphs on page 2 reflects 
the influence of mean stress and the fact that. 
in general, fewer cycles of stress will be turned 
at the low speed end of the operating range. 
The difference in slope between the graphs for 
crank and screw shafts is a result of the 
difference in mean stresses in these two types 
of shaft, the node in the latter usually 
occurring near the centre of the crank shaft for 
modern engines. 


On the subject of accuracy in natural fre- 
quency calculations Mr. Sellar is a_ little 
pessimistic in quoting a tolerance as wide as 
5 per cent. The Author would say that for the 
great majority of installations of a reasonable 
size, say 2,500 B.H.P. and upwards, an accuracy 
within 2 per cent can be expected for the 1-node 
mode and +3 per cent for the crank shaft or 
2-node mode. 


Stress calculations are admittedly more prone 


to error and will be considered in Part II. The 
methods at present available do, however, 
permit an accuracy in most cases within 


+10 per cent of measured values for the heavily 
damped l-node mode, although in the case of 
the 2-node or crank shaft mode both damping 
and exciting torques are relatively so much 
smaller that considerable variations almost 
inevitably occur and can, in borderline cases, 
best be determined experimentally by torsio- 
graph or similar means. 


The Author would join issue with Mr. Sellar 
on the implications he draws from the reported 
variations in 3rd order critical speeds for 
“Liberty” ships. Of four “Liberty” ships torsio- 
graphed by Lloyd’s Register, three in the 
lightly ballasted and one in part-loaded con- 
dition, using the same instrument, the measured 
variation was between 76 and 77 r.p.m. It is 
considered far more likely that most of the 
variation Mr. Sellar quotes has been due to 


inaccurate frequency datum used in recording 
rather than to variations in draught or propeller 
inertia. 

Carter’s formula for crank shaft stiffness has 
been found to give generally good results for a 
wide variety of crank shafts, ranging from small 
aircraft or automobile shafts to large fully- 
built Doxford shafts. 


On page 23 the reference to the nodal 
position for the 1-node vibration was intended 
to refer to oil engine drives only. For steam 
reciprocating engines the position of the node 
is usually within the after one-third of the total 
shaft length, owing to the relatively much 
lighter engine. 


Some notes on the bi-filar method of swing- 
ing propellers, flywheels, armatures, ete., for 
experimental determination of moment of 
inertia were circulated to selected ports with 
the Secretary’s letter of 12th May, 1948. For 
convenience the Author, at Mr. Sellar’s sugges- 
tion, reproduces them here. 


DIAGRAM B 


DIAGRAM C. 


Notes on the determination of polar moment of inertia by the method of “swinging” using bifilar or 
trifilar suspension. (See Diagram D.) 


Total moment of inertia 


_T x W x R 


J/g fa oc Ib. in. sec.? (A) 
Where: 
W = total weight in lbs. 


R radial distance of suspension wires from 
centre line in ins. 

L. = Length of suspension wires in ins. 

T = Period of one complete cycle (i.e. two 

half periods) in seconds. 


Il 


Moment of inertia of the plates or channels 
should be measured separately or calculated 
and subtracted from the total. 


SUSPENSION 
WIRES, 


DIAGRAM D 


NOTE: 

Moment of inertia, J/g, of a circular steel 
plate, about its centre line, of outside and inside 
diameters D & d inches, respectively, and thick- 
ness t inches is given by 


4 _ qi ; 
J/g = D ae x t lb. in. sec.? 
Moment of inertia, J/g, of bar or channel of 
length 1 ins. and weight W lbs. about the centre 
line as indicated in Diagram E is given by 
W 2 + we 
al = -« x a= 
ig fe 12 
(& = 386 in|sec.? ) 


lb. in. see.” 


(1) 


(3) 


| 
dk 
sat 
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DIAGRAM E 


The dimensions of R and L should be 
suitably adjusted with a view to obtaining 
a period T of not less than approximately 
3 seconds, and the period T should be 
obtained as an average of not less than 10 
complete cycles. 


Care should be taken to ensure that the 
propeller, ete., is oscillating uniformly in 
the horizontal plane about its centre line. 
The use of Warwick screws in the sus- 
pension wires is suggested, together with 
spirit level and plumb lines. Where a 
permanent arrangement is adopted, con- 
sideration might be given to the fitting of 
a vertically adjustable centring, tail bear- 
ing to replace the plumb line indicator. 


The angle of swing should be kept small 
and should not exceed + 6° approximately. 


Where a sufficiently large reference weight 
is available comparable to that of the 
propeller, ete., under test, for example, a 
pair of channel sections whose weight 
can be measured and moment of inertia 
calculated, then the unknown moment of 
inertia is preferably deduced from a know- 
ledge of the ratio of periods given by 
formula (A) above, i.e. 
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where the subcripts 0, 1 refer to reference 
mass and test mass respectively. It is of 
course necessary to deduct from the value 
of J, | obtained above the moment of 
inertia of the plates, etc., used in the test 
rig. 
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THE SURVEYOR IN PORTUGAL 
By J. GUTHRIE. 


INTRODUCTION. 


EVERAL papers have been read in the past 

S describing the surveyor’s duties in ports 

abroad, and all of them have proved to 

be not only interesting but most instructive to 

the young surveyor being sent out on his first 
foreign assignment. 


It is only natural, therefore, that the latter, 
having carefully digested the advice given by 
their authors, and having been duly coached by 
Head Office as to technical requirements, may 
wonder how he is to carry out these sage counsels 
in a country like Portugal whose language, 
culture and business methods are entirely 
different from his own. 


Friends in Britain, inspired no doubt by the 
highly coloured posters in travel agencies, will 
inform him that Portugal is a land of perpetual 
sunshine, of swarthy people in faney dress, 


heavily armed and equally heavily moustached, 
all against a backdrop of indigo sky and adobe 
huts. 


While all these conceptions contain enough 
truth to make them sound plausible to the 
layman, they are in the main fallacious; the 
interior of Portugal is a ski-ing centre in winter- 
time, adobe huts are never seen, and by a strange 
paradox, it is mainly the working class women 
who wear moustaches. 


The following paper is therefore written with 
a view to correcting any impressions the surveyor 
may have previously gained, and an attempt is 
made to depict the country as it will be seen by 
him: a quaint mixture of medieval and modern, 
of bullock carts and automobiles, of bullfights, 
casinos and witcheraft on a background of harsh 
sunlight, vivid colour and deep shadows. 


FIRST IMPRESSIONS. 


Probably what the surveyor on his arrival in 
Portugal first notices is the cleanliness of the 
streets in the large towns and the general im- 
pression of light and airiness. Most houses are 
painted or washed in white or cream, sometimes 
they are faced with blue and white or coloured 
tiles, and the effect of these white buildings 
against a deep blue sky, framed by the ever- 
green of palms and umbrella pines, suggests a 
world far removed from the grime and smoke of 
industrial Britain. 


Pastel shades have no place in Portugal’s 
chiaroscuro of harsh sunlight and heavy shadow; 
the careful juxtaposition of colours is not neces- 
sary in a country where even the most vivid and 
contrasting shades merge into a harmonious 
background. 


Streets in the newer quarters of the larger 
cities are wide and surfaced, usually bordered 
by trees or grass verges. In the older parts, 
however, they are very narrow and tortuous, evil 


smelling to the fastidious, roughly cobbled and 
in many cases too precipitous for traffic. Here 
are to be found ancient palaces in Moorish or old 
Portuguese style, now mainly used as warehouses 
or workshops, and nondeseript buildings showing 
large areas of blank wall, where each room houses 
an entire family. 


In effect, Portugal’s population, like its 
colour schemes, runs to extremes: the very rich 
landowner and the lowly peon; there is no 
middle class as we know it in the North. This 
has engendered a very rigid caste system, not 
unlike that of S. Asia, although on more liberal 
lines. Thus, officers in the three services, 
university graduates and members of the old 
aristocracy are so immeasurably superior to the 
working men, mechanics, engineers and office 
employees, that there is no common meeting 
ground where views can be shared and problems 
discussed. The repercussions of this system on 
shipwork will be dealt with later. 


The surveyor cannot afford to ignore this 
social structure. Any person holding an arts 
or science degree expects to be addressed as 
Mr. Dr. So-and-so, or Mr. Engineer So-and-so, 
and is most offended if he is not. In the ease of 
a university don, he must be given his full title 
of Mr. Professor Dr. So-and-so. On the other 
hand, those not eligible to be so called are 
generally quite happy to be spoken to as Mr. 
followed by the christian name only. Where it 
is customary to have half-a-dozen surnames, this 
practice seems quite sensible. At the same time, 
some of these christian names are unusual 
outside of history and story books, and Julius 
Caesar, Demosthenes, Floribaldo and Cornuco- 
pius are common enough. A Northerner might 
reasonably be surprised that anybody with such 
a name should survive his schooldays. 


These tinkling titles may seem a trifle absurd 
to the austere British ear, along with the invari- 
able handshake upon meeting and taking leave. 
But then, most foreigners cannot help being 


SHIPS, SHIPYARDS, 


SHIPs. 


The Portuguese merchant fleet consists of 
about 150 cargo and passenger vessels of 
tonnages up to 13,000 and a host of fishing craft 
ranging from four-masted schooners to motor- 
driven sardine boats, and every vessel is classed 
by the Ministry of Marine, which roughly 
corresponds to our Ministry of Sea Transport. 
About 130 of these, however, are also classed by 
Lloyd’s Register, including all the large steamers 
and motorships and the fleet of Banks trawlers. 
So far as is known, there are only four vessels 
classed with any other society, and it is a 
matter of interest that, with the exception of a 
small coaster, all vessels ever built or at present 
building in Portugal and all vessels ordered from 
overseas, are to this Society’s class. ‘Thus it may 
be said that this country is 100 per cent Lloyd’s 
Register in regard to its fleet, and it is no small 
tribute to the influence and personality of the 
earlier surveyors who laid the foundation of this 
popularity. 

The steel vessels are generally kept in very 
good condition as regards repairs and paintwork, 
and the engine rooms especially are invariably 
clean and tidy. In the smaller coasters, however, 
the crews have an unfortunate propensity for 


flattered when addressed by a Portuguese wit! 
the formal “Your Excellency”. 

While the latter is now only the equivalen 
of our own term “esquire” of a more formal age 
this country has retained all the niceties o 
speech, all the little courtesies of those bygon 
days. Business letters and general conversation 
are more flowery than ours, and have nothing oj 
the crisp matter-of-factness of plain questior 
and answer. 

That this is not merely an outward sign i 
evident at the meal hour, when the surveyor ij 
invited to share each workman’s lunch as hy 
passes by. Also, Lisbon is probably the safes 
port in the world for a foreigner, either by da 
or by night. 

The surveyor will find that he has to do s 
full day’s work at temperatures of over 100° F 
in the shade, and will be surprised and perhaps: 
little disappointed that the siesta is not re 
cognized. Also, that while frost and snow an 
not unknown in Lisbon, most houses have ne 
heating other than by charcoal brazier. 


REPAIR SHOPS, PERSONNEL. 


keeping chickens, goats and sheep on board, ané 
no vessel is considered well manned without a 
large and fierce-looking dog near the gangway. 


As most of the cargo vessels are foreign built, 
and those constructed locally reflect a foreign 
design, there is not much that can be said about 
them which would be considered peculiar to the 
country. 


It is in the native wooden vessels, however, 
that one sees the sudden change from sail to 
motor, and it must be remembered that Portugal 
was famous for her ships for many centuries. 


The fishing fleet has a large number of wooden 
schooners, most of them with auxiliary motors 
Those originally built for sail alone are beautiful 
models, and to the layman could easily pass for 
pleasure yachts. They are excellent sailors, but 
their rather full lines aft do not readily lend to 
conversion to serew propulsion, and many of 
these vessels tend to weakness at the sterntube. 


The modern schooners built as auxiliaries, and 
the wooden motor-vessels, are exceedingly ugly, 
and have a chunky appearance as_ though 
whittled out of the solid. Although they 
presumably make a profit for their owners, there 


is nothing that can be said in their favour from 
a technical point of view. 


The fishermen and sailors who man these craft 
are very hardy and appear to have no regard 
for creature comforts. Their accommodation is 
austere, and in one particular schooner, not 
classed, eight men were berthed on the lower 
foreeastle deck without natural light and with no 
ventilation of any sort. 


SHIPYARDS. 


The outstanding characteristics of the ship- 
yards are orderliness and cleanliness, with strong 
leanings towards the aesthetic. In the large 
shipyard on the Lisbon side of the Tagus, gourd- 
vines and bougainvillea are trained over office 
buildings, and a goldfish pond is situated near 
the main gate. The naval arsenal on the south 
side is surrounded, on the land side, by a forest 
of umbrella pines, and its avenues and side lanes 
between the various buildings are planted with 
mimosa, plum and almond trees. Flower beds 
abound, especially near the main entrance, and 
all the principal roads throughout the yards are 
well watered in the summer season. 


A somewhat jarring note is introduced at the 
meal hour and at five o’elock, when all workmen 
are searched at a post near the gate-house, and, 
farther on, required to open their lunch-baskets 
for inspection by the gateman himself before 
leaving the yard. Again, upon leaving the dock 
premises everybody, the surveyor included, must 
allow his bag to be examined by the fiscal guard 
at the entrance. 


Ships built in Portugal to the Society’s class 
range from tugs to tankers, through small to 
large trawlers, coasters, cargo and passenger 
vessels. The naval arsenal, with its miles of 
shops and its half-dozen slipways, and with 
only the maintenance of the fleet to deal with, 
has latterly undertaken the building of tankers 
of up to 12,000 tons gross. The average time 
taken to build a tanker is about three years, 
from the plans approved stage until acceptance 
trials. During this period, however, many 
alterations will be made and further drawings 
will have to be submitted. It is significant of 
the quality of the workmanship in this yard that 
all shell, deck and bulkhead plating have the 
rivet holes drilled, not punched. 


In the other yards, where time means money, 
there are still a number of refinements due 
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possibly to the absence of intense competition. 
All ships’ plates are marked off in the mould 
loft, including material for such small vessels as 
tugs and trawlers with little or no parallel body. 
Again, every frame is bent to template. In the 
passenger vessels at present under construction, 
with welded butts in shell and decks, witness 
marks are scribed near the butts by the mould 
loft personnel from ealeulations supplied by the 
drawing office to allow for the necessary con- 
traction of the shell. 


On the other hand, a squad of riveters consists 
of five men or boys, there being two men to hold 
the pneumatic hammer, and there is no hardening 
up of the previous rivet as in British yards. 
Hand riveting, other than for river launches, 
is never used. 


In the smaller yards in the north, where wood 
construction is still popular, the fishing vessels 
are launched on skids sliding over ways composed 
of sleepers. 


In the extreme north, vessels are simply built 
in dry dock and floated out on completion. As 
this method is unusual, not to say uneconomic, it 
might not be out of place to describe how this 
came about. 


At the beginning of the late war, all ship- 
building and ship repairing of any importance 
and all dry docks were centred on the Tagus, 
and as Lisbon was one of the very few European 
ports available for war damage repairs, it was 
decided to ease the pressure by building two large 
dry docks and a shipyard at Viana do Castelo, a 
small fishing village in the Minho. Work was 
accordingly commenced and the dry docks 
excavated, and to avoid loss of time, three deep 
sea trawlers and a smaller trawler were built in 
the larger dock while the latter was being faced 
and the gates and pumps were being installed. 
Upon completion of both docks and vessels, the 
dock end beyond the gates was removed and the 
trawlers floated out. 


After the dry docks were completed it was 
discovered that any vessel greater than a coaster 
could not enter the wet basin, and further, that a 
vessel of reasonable tonnage could not cross the 
river bar in anything other than a dead calm. 
As the dry docks are protected from the open 
Atlantic by only a small breakwater and there- 
fore their use is limited to ideal weather 
conditions, it is small wonder that Portuguese 
shipowners are reluctant to have their ships 


repaired at Viana. Consequently, the building 
of a slipway appears to be definitely postponed, 
and all vessels so far constructed or under con- 
struction there have started life in dry dock. 


In the main, the tools and machinery in the 
yards and workshops are much the same as in 
their counterparts in Britain. Now and again, 
however, certain implements are encountered 
which take one back to the Middle Ages. Of 
these, the drill in general use by stonemasons 
is one of the most interesting, in shape like a 
crossbow. It consists of a length of broom- 
handle with a wooden chuck at the lower end 
into which is driven a diamond-pointed drill. 
This stick passes through a hole in a short cross 
batten, and a cord attached to its top end is 
fastened to each end of the cross piece. By 
rotating this cross piece about the centre stick, 
the cords are wound up on the principle of a 
maypole, and the drill is ready for use. By 
alternately pressing down and releasing the cross 
arm, the cords unwind and rewind in the opposite 
direction, and with this instrument an expert 
ean bore a hole in a marble switchboard panel 
in a surprisingly short time. 


Another tool of antiquarian interest is the 
pitsaw, still in common use in the wood ship- 
yards. A pine log is placed on trestles, clamped 
in position so that it cannot rotate, and is sawn 
up for ships’ planks by means of a saw some 
5-6 feet in length, the work being done by the 
man standing on the tree, while the assistant 
below merely pulls the saw back for another cut. 
At intervals the log is rotated slightly so that the 
finished plank has the correct curve for the 
vessel’s contour. 


While the surveyor will not as a rule have 
much to do with the building or classification 
of wooden vessels, his duties while acting as 
Underwriters’ surveyor will bring him into 
contact with this type of construction for damage 
surveys, and he must be most unobservant if he 
does not pick up at least the rudiments of this 
moribund industry. In Portugal, this calling is 
more an art than a profession, inasmuch as 
the present shipbuilders have nearly all started 
at a very early age and have developed their own 
type of craft without any great benefit of edu- 
cation or technical training. Their vessels are 
built by rule of thumb and not to any precise 
design as supplied by the client. Consequently, 
the final dimensions are invariably different from 
those called for in the specification; for, as the 


major components are made from grown timber, 
which is searce, the thrifty shipbuilder will insist 
on using up every available inch and build in 
the rest of the vessel to suit. 


The surveyor’s functions in the shipyard are 
more than those of an inspector of materials 
and workmanship: he is expected to sound the 
practical note in the design and to be the arbiter 
for any difference of opinion between builder 
and owner regarding construction. Plans 
submitted to the surveyor for approval sometimes 
have to be returned for correction of glaring 
errors before being sent to London, while often 
he is waylaid in the yard for his advice on 
various items of a ship in the design stage. 


Repair SHOPS. 


The Lisbon shipyards and repair shops are 
very well equipped and can undertake any type 
of ship or engine repair, The smaller yards in 
the north usually have their steel sternframes 
cast in one of the three steelworks near Lisbon, 
and any major repair or replacement is usually 
referred to this port. 


Some of the repairs, mainly to foreign vessels, 
are of a temporary nature only, and as a rule 
eall for nothing more complex than shuttering 
and lots of cement. 


Generally, however, the damage is such that a 
cement box will not meet the case, or else consists 
of a total breakdown of the machinery, some- 
times both together. In this case the surveyor 
has to make a quick decision and draw up a 
specification for repairs on the spot. With 
Owners and Lloyd’s Agents clamouring for a 
report, there is no opportunity to consult London 
in ease of doubt, and a decision once taken, 
whether for good or evil, cannot be changed. 
The surveyor has to estimate on the one hand 
the time and price of permanent repairs in 
Portugal, and on the other hand the cost of 
temporary repairs here and permanent repairs 
in the vessel’s home port, and weigh these in the 
owners’ balance of profit and loss. This process 
will entail a thorough knowledge of the capacity 
of each repair shop in the district and its stock 
of materials available. 


Estimating by these repair shops is a tedious 
business and can only be undertaken during 
working hours. Even a moderate repair will 
require one day to work out in the office, when 
every little detail is laboriously calculated. In 


Portugal there are no managers who ean quote 
time and price within a few minutes of examining 
the damage. 


On the other hand, where estimators are so 
meticulous, accountants are extremely vague, 
and invoices give simply a long list of work 
done with a total price at the foot. 


In dry dock, when a vessel is undergoing 
special survey, the surveyor is advised to tread 
warily, both on and above the dock bottom. 
Unless otherwise stipulated, staging consists of 
single planks about 9 inches wide, some of them 
severely charred from previous oxy-acetylene 
burning, and most of them warped. Tools, 
bolts and rivets have a habit of being left on 
these planks, and occasionally drop off, while 
walking on a single wobbly plank some 30 feet 
above solid ground is a severe test for nerves. 
Most of the staging is built on tall trestles, but 
some of it has rather dubious foundations, and 
it is well to examine the odd bits of rope that 
compose them before proceeding aloft. 


Some of the sling staging used for scaling 
ships’ sides is considered dangerous even by 
Portuguese standards. Five or six scalers will 
stand on a single swinging plank some 30 feet 
above the dock bottom slung from the bulwarks 
by a couple of tackles. No guard ropes or 
lifelines are fitted and no ladders are required 
as the men work barefooted and their agility is 
amazing. 


During the war, with damage cases exceeding 
the capacity of the dry docks, vessels were 
assigned a docking period by the authorities 
which could not under any circumstances be 
extended. A number of expedients were tried 
with a view to shortening the stay in dock, and 
one of the most successful is still in common use. 
In the case of shipside damage involving frames, 
these are removed afloat by burning off the rivet 
heads, leaving the shanks in their holes. The 
frames are then removed to the shop to be faired 
or renewed and when ready for refitting in place, 
the protruding shanks of the old frame rivets are 
burnt off flush with the shell. The new frames 
are then fitted, and with the assistance of a diver 
following up the work from outside, the old 
rivet points are punched out one by one and a 
bolt with grummet inserted in each hole and 
tightened up. "Thus, when the vessel is finally 
dry docked, the frames are already in position 
to take the docking strains and the riveting can 


be immediately dealt with. This method requires 
careful marking off of the rivet holes in new 
frames, but is very simple and with care in 
burning off the rivet heads, little leakage occurs. 
In the ease of extensive leakage from a rivet 
stub this is punched out and a wooden plug 
driven into the hole. In all eases and indepen- 
dently of the ship’s pumps, when available, an 
emergency petrol pump is always kept at 
stand-by. 


PERSONNEL. 


Shipyard workers and ships’ erews are very 
good, keen and enthusiastic, and easily bear 
comparison with their British counterparts as 
regards quality of workmanship. This is rather 
surprising in view of the relatively tender age of 
Portuguese shipbuilding in steel, which started 
only a generation ago and cannot boast the 
advantage of inherited skill or years of tradition. 
The present mechanics, boilermakers and platers 
are the sons or grandsons of the straw-coated 
shepherds of the mountains or of the hardy and 
romantic ecowpunchers of the Ribatejo. 


Before a tradesman may be engaged at a ship 
or repair yard, he must possess a work permit, 
in itself not an easy thing to acquire. Upon 
engagement, this card is kept by the firm and is 
in a measure a guarantee of his behaviour. 


Should he be involved in any anti-government 
disturbance, a strike for instance, the tradesman 
is discharged and his ecard will be handed over to 
the competent authorities, who will deal with him 
as they think fit and at their own convenience. 
Until this card is returned to him, the tradesman 
cannot hope to get other than casual labour as 
it is a punishable offence to engage a man 
without a clear work permit. 


This system, admittedly harsh and arbitrary, 
is a very powerful lever in the hands of 
authority. In practice, however, it ensures a 
smooth running industry and on the whole works 
very satisfactorily. 


In Portugal there is no equivalent of our 
rather loose term of engineer, embracing as it 
does all who have any connection, theoretical or 
practical, with machinery. On the one hand 
there are the few engenheiros or college 
graduates in science, corresponding to the 
continental ingenieur, which incidentally has 
only a remote linguistic affinity with the word 
engineer. On the other hand there is the 


multitude of marine engineers, mechanies, fitters 
and motormen. The gap between these two 
groups has never been closed and probably never 
will be. 


The law demands that the technical manager 
of an engineering shop be an engenheiro, and 
it is left to the board of directors to decide 
whether experience is also necessary. In many 
eases the manager’s position is merely a sinecure. 
This requirement, however, means that the second 
in command can never hope to attain managerial 
rank, in spite of a lifetime of experience. 


In ship repairing yards and in shipping 
circles, the cireumstances are aggravated inas- 
much as ship repairing as a calling cannot 
possibly be learnt from the book. There are 
many cases in Lisbon of a young engenheiro, 
straight from college, being placed in a position 
senior both as regards salary and authority to 
yard managers and superintendent engineers. 
It is only fair to say that the latter have been 
brought up into this rigid caste system and see 
little to grumble about, while the young 
graduates are exceedingly tactful and incline to 
view technical problems from a different angle 
and with an unbiassed mind. 


In the larger shipping companies, the 
superintendence of the vessels is divided: the 
practical engineer dealing with repairs, stores 
and crews and the theoretical engineer being 
responsible to the directors for the general 
running of the vessels and for the specifications 
for new tonnage, wherein, unfortunately, the 
practical man has no say whatsoever. 


While there may be some reason for the 
engineer superintendent being duplicated, on the 
plea of complying with the law, there is no 
apparent motive in applying the same principle 
to the deck side. This, however, is often done, 
and the marine superintendent is usually a naval 
officer on the reserve list. 


It will thus be observed that the merchant navy 
officers have very little standing in the shipping 
hierarchy: the captain of a large passenger 
vessel is still subordinate to a naval lieutenant 
and the chief engineer is merely a mechanic in 
uniform. 


The marine engineer’s training is usually as 
follows :—five years at an approved technical 
school for general and technical education and 
practical training, plus two years at the nautical 
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school for training in marine machinery. After 
completing these courses, he has to serve two 
years on watch as a junior engineer to get his 
3rd engineer’s certificate. A further two years 
at sea render him eligible for his 2nd engineer’s 
certificate. After another two years at sea as 
2nd engineer, plus one year at the nautical 
school, he sits an examination and if successful, 
is awarded his chief engineer’s certificate. This 
examination must be passed before the candidate 
attains the age of forty. 


Comparing the British and the Portuguese 
certificates of competency, the standard of 
technical education in Portugal is inferior to 
that obtaining in the U.K., but is still quite high, 
and does not explain the gulf between engenheiro 
and marine engineer. Even among ships’ officers 
there is a disparity in rank strange to northern 
ideas and the social structure is entirely different. 
The chief engineer wears only three rings of 
braid and his salary may be less than that of the 
chief officer. In a motor vessel of some 6,000 
tons gross, there will be four engineers whose 
business it is to keep watch and _ supervise 
repairs, and three cadets who do the overhauling, 
all ranking as officers. The electrician ranks as 
a petty officer and berths forward with the 
carpenter and boatswain. 


Naval engineer officers, although not entitled 
to style themselves engenheiros, nevertheless have 
a high professional status and may, by law, 
undertake the functions of the latter. The naval 
staff is rather elastic, and upon attaining 4 
certain seniority, the naval engineer can by 
request be placed on the reserve list and either 
set up as a consultant or be attached to a 
shipping company as superintendent. This latter 
ease is very general in trawler companies, the 
naval lieutenant in charge usually being a sub- 
marine officer with good experience in motors. 
The only disadvantage, from the surveyor’s point 
of view, is that these officers seldom stay with 
any one company long enough fully to under 
stand the Society’s classification survey routine, 
and constant changes in the staff disturb the 
smooth running of the eycle, which has to be 
reorganized over and over again. 


For the foregoing reasons, all classification 


surveyors need to be engenheiros or theit 
equivalent: those acting in a non-exclusive 
capacity for other societies are nearly all 


Portuguese naval engineers, while the society's 
British surveyors, whatever their qualifications 
are always given the courtesy title of engenheira. 
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SURVEYOR’S DUTIES. 


The docks and shipyards in Lisbon, on the 
north bank of the Tagus, extend from Belem 
to Cabo Ruivo for about 15 miles, and on the 
south bank sporadically from Banatica to 
Barreiro for about 20 miles. The surveyor’s 
immediate district is therefore quite large, and 
he has to acquire that capacity for carrying 
out two separate surveys simultaneously in two 
different places. 


His entire district, of course, includes the whole 
coast of Portugal, with the following ports, 
from north to south, as focal points: Viana do 
Castelo for shipbuilding and dry dockings, 
Oporto and Leixoes for repairs, Aveiro for ship- 
building and Figueira da Foz for shipbuilding. 
South of Lisbon there are the ports of Setubal, 
Portimao and Vila Real de Santo Antonio, 
where only an occasional visit is needed, mainly 
for damage surveys. 


This district could well be likened to England, 
with the surveyor stationed at London and 
travelling to Neweastle, Liverpool and Falmouth 
to attend to dockings and ship construction. 


The Surveyor’s duties in Portugal are numerous 
and cover a much wider field than those of his 
colleagues at home. He must be an expert at 
all shipbuilding trades and have a good working 
knowledge of marine insurance and brokerage. 
Not only does he have to make the necessary 
recommendations for ship and engine repairs, 
he also has to see that they are carried out by 
the right people in the proper sequence. Some- 
times he has to lend a hand and do the job 
himself. 


On oecasion a damaged vessel may be con- 
signed to agents who have had no previous 
experience of this sort of work, and the surveyor 
is expected to have the repairs carried out on 
schedule and see that all interested authorities 
are advised with the minimum of delay. 
Conversely, if the repairs are entrusted to a very 
small firm with little or no experience in ship 
work, he will have to act as honorary foreman 
and personally attend to every operation carried 
out on board. 


Even in routine survey work, he cannot depend 
on much help from the ship’s crew or the ship- 
yard. Often, when a vessel is dry docked, the 


surveyor and the painters are the only people 
who appear to have any interest in the ship. 
Should any damage be found the necessary 
arrangements have to be made in a flurry of 
telephone calls, and outside managers and super- 
intendents have to be rounded up and escorted 
to the ship. Ship’s officers are reluctant to 
report particulars of damage to the surveyor 
and will do so only in strictest confidence. 


The system obtaining in some of the large 
U.K. ports, where the shipyard ironmen make a 
preliminary examination of the vessel before 
the surveyor appears on the scene, and mark 
every defective rivet and seam, unfortunately 
does not apply in this country. However, as the 
bulk of the fleet is repaired only at Lisbon and 
is dry docked every six months, the surveyor 
eventually gets to know every vessel individually, 
and can predict what particular part of each 
ship is likely to give trouble from his experience 
gained in former surveys. 


Some of the surveyor’s greatest worries are in 
connection with trawlers, and it is suspected that 
Portugal is not unique in that respect. The 
trawlers and fishing vessels generally are very 
well equipped and are kept in good repair: the 
trouble is that their owners do not always see 
eye to eye with the Society as regards surveys 
overdue. Vessels are docked, equipment is re- 
placed, machinery is overhauled and _ part 
renewed and nobody thinks of advising the 
surveyor. Trawlers are found to have half-a- 
dozen assorted kedge anchors lashed to the 
bulwarks; others appear with bower anchors and 
cable several sizes too large for them which have 
been borrowed whilst fishing on the Banks, with 
a nonchalant disregard for the Rules. 


Associated with these trawlers, as previously 
mentioned, are the naval superintendents or, in 
some cases, the very junior engenheiro. While 
these are keen on the engine side, they are in 
most cases very weak on the hull side, and the 
fishing gear and deck fittings are usually left to 
the skipper, who holds strong views on the subject 
of scuppers and freeing ports. 


Some very junior superintendents, with a ten- 
dency to soar to theoretical heights to offset their 
lack of practical knowledge, have a definite 
nuisance value: the surveyor, who lives in a less 
rarefied atmosphere, would do well to settle them 


diplomatically with the skipper, where they can 
do little harm, and proceed with the survey 
unhampered. 


Another of the surveyor’s worries is due to 
the fisherman’s naiveté in touching up the free- 
board marks at the special survey. In vessels 
fishing in Morocean waters, the W.N.A. mark is 
sometimes painted out on the plea that the ship 
never sails in the North Atlantic; or else the 
deck line is obliterated for the simple reason 
that anybody sufficiently interested cannot fail 
to see the deck from the quayside. 


As the Society does not carry out annual free- 
board surveys on Portuguese tonnage, it is 
possible for these peculiar freeboard marks to 
remain for some considerable time unobserved. 
It is obvious, therefore, that in undertaking a 
freeboard renewal survey, the subject should be 
treated with profound suspicion. 


Another and _ pleasanter aspect of the 
surveyor’s duties is with regard to special surveys 
held in the ease of units of the largest shipping 
company in Lisbon. Here, every four years, 
each ship is completely gutted out, all aeeommo- 
dation stripped and all steelwork scaled to the 
bare bone. All pumps are removed ashore for 
rebuilding, and often enough the main engine 
crankshaft is lifted. Every shell, deck or bulk- 
head plate with the slightest blemish is renewed, 
and the vessel leaves the repairers’ yard as new. 
Considering that most of the ships are of the 
pre-1914-18 war class and are held by their 
owners to be more economical than their modern 
counterparts, as well as being considerably less 
trouble, the system seems to have much to 
commend it. The surveyor’s only preoccupation 
in this case, a vicarious one at that, is to try to 
put a brake on this wholesale condemnation of 
serviceable material. 


One of the surveyor’s privileges is to attend 
the numerous functions associated with ship- 
building in this country. At the signing of the 
contract, the laying of the keel, the launching 
and finally the handing over of the vessel to her 
owners, all interested parties with their wives 
congregate in the yard, and in the presence of 
high dignitaries of the government, listen to 
each other’s speeches with astonishing patience 
and good humour. After the ceremony, every- 
body, including foremen and leading hands, is 
invited to the mould loft for an aperitif which 
consists of several hundredweight of cakes and 
wines and spirits of every sort. 


12 


: 


In the smaller yards, these functions are very 
popular, and if the builder’s profit is somewhat 
reduced thereby, his prestige with the men is 
greatly enhanced. In these small yards there 
is no labour trouble whatsoever, and _ the 
relations between manager and men is purely 
patriarchal. 


Damage surveys form a large part of the 
surveyor’s work, and by some inscrutable decree 
of Providence, damaged vessels always seem to 
arrive in port at a weekend. This fact does not 
mean much in Portugal, where the week consists 
of six full working days, and the dry docks 
remain open for seven days a week. 


Some of the most interesting cases are those 
of damaged wooden vessels, usually lighters and 
barges, where quite often only the Portuguese 
technical terms are known, and recourse has to 
be made to that invaluable work by Capt. Paasch 
for the nearest corresponding English terms, to 
the consequent confusion of Reports Department. 


The most unusual instance of all was probably 
that of one of the Society’s surveyors inspecting 
a sixteenth century galleon built at Aveiro for the 
great exhibition of 1940 from the original plans 
in the national archives. This vessel was 
launched with masts stepped and all top hamper 
fitted, and fell over on her side after leaving the 
ways. This episode must surely represent one 
of the strangest anachronisms in the Society's 
annals. 

In carrying out surveys to these wooden ships 
and local unclassed steel vessels, the value of 
classification is sometimes brought out in a very 
pointed manner. In Britain all merchant 
tonnage is classed with some _ responsible 
authority and requires to be maintained at a 
minimum standard of efficiency and _ sea- 
worthiness. In Portugal this is not so, for while 
all vessels are registered at the Ministry of 
Marine, who insist on periodical surveys, their 
upkeep is mainly dependent on the classification 
surveyor’s recommendations. When the vessel 
not separately classed, the maintenance 
depends on the owners’ whim or length of purse. 
A ease in point is that of two motor-driven 
wooden cod-fishing ships recently built in 
Portugal. Instead of having oil-fuel bunker 
tanks built in, each vessel had forty-eight settling 
tanks fitted around the engine room with an 
amazing network of filling, discharge and over- 
flow pipes and cocks. Both vessels were 
partially destroyed by a fire which started in the 
engine room, and were written off as C.T.L. 


is 


TRAVELLING. 


As most of the shipyards are situated at ports 
many miles distant from the capital, quite a 
large part of the surveyor’s time is taken up in 
travelling, and in a comparatively short time he 
will become familiar with the whole of the 
coast and much of the interior. 


Some ports in the north are more easily 
reached by air, and the plane service, a daily 
one, is very often used. Others ean only be 
reached by a single track branch line from the 
main north-south line, with an elastic timetable 
and a decrepit locomotive. Others again are far 
from any railway or bus route, and the only 
method of getting there at all is by ear. In any 
case, as most provincial railway stations are built 
well outside the towns, and as the shipyards are 
usually situated as far again in the opposite 
direction, there is no choice but to finish the 
journey by ear. 


It is evident, therefore, that expense accounts 
figure as a major item on the survey account, 
and it sometimes happens that a dry docking at 
Viana do Castelo, involving three days’ absence 
from the capital, will incur expenses worth four 
times the docking fee. 


The main Lisbon-Oporto express train is very 
well run, with stainless steel coaches, diesel- 
electric locomotives and well-stocked restaurant 
cars. The secondary or branch line trains, how- 
ever, are not so comfortable, and leave and arrive 
at the most extraordinary hours of the night or 
early morning. But in any ease, considering 
the size of the country, it is not well served as 
regards railways, and a considerable amount of 
travel between the smaller towns is by bus. 
Consequently, to appreciate Portugal, with its 
few modern towns and its multitude of quaint 
and primitive villages, one must travel by road. 


Some of these buses travel immense distances, 
though not equipped as long distance coaches : 
their seats are hard and their springs and tyres 
are harder, and they stop at every village on the 
way. Few if any of the occupants travel the 
full distance, and there is a constant change of 
people and baggage. As the Portuguese peasant 
does not favour a suitcase, his belongings are 
mainly carried in a series of small baskets and 
packages which have to be distributed through- 
out the coach, under the seats and on the roof 
grid. At every stop, this luggage has to be 
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sorted out, counted and issued to its owners and 
a fresh set taken on board. All this work, 
ineluding the delivery of the mail, newspapers 
and odd parcels for local residents, is undertaken 
by the conductor with astonishing patience and 
cheerfulness. 


Some of the roads would not pass as tracks in 
Britain, yet are in constant use by coach and 
lorry traffic. One such road, not far from 
Lisbon, leads to a popular bathing beach and 
takes one across living rock and through deep 
patches of scrub, and the passengers are warned 
to hold tight as the bus takes a particularly 
rough stretch in low gear. 


Some trips in just such conditions and on 
roads just as bad are made daily by coaches 
going to the south of Portugal, and take up to 
twelve hours. With temperatures well over 100° 
F. in the shade in summertime, or below freezing 
point in winter, the passenger’s state of mind 
upon arrival can well be imagined. 


While the country in the southern part of 
Portugal is flat and monotonous, either desert or 
flooded rice fields, the north of Portugal is 
mountainous and rugged, and in winter wolves 
are to be found within ten miles of the coast. 
This is the most picturesque part of the country, 
and in Tras-os-Montes (literally Behind-the- 
Mountains) which is most remote from civili- 
sation, there are many odd survivals and super- 
stitions, quaint villages, and in their national 
dress, men wear skirts and women wear trousers. 


In the north, too, the roads are better, and are 
lined all the way with flowers, or run through 
orchards and vineyards entirely innocent of 
fence or hedge. 


The hotels in the more remote shipping centres 
leave much to be desired; generally the ports 
are not on the tourist circuit, and such acecommo- 
dation as is offered is intended for the spartan 
commercial traveller. The surveyor, after a 
few months, becomes personally known to the 
management and is usually given the best room 
to be had. At times, however, when a local feast 
or fair is being held and all the front rooms are 
occupied, he has to be content with a so-called 
back room, i.e. a room without a window or any 
ventilation. In these hotels, the bathroom, if 
any, is usually situated on the wrong side of the 
kitchen, and in some districts, where piped 
water is not yet available, any water used on the 


premises has to be brought from the village well 
by a train of women labourers and carried up to 
the tank on the roof. 


For some reason not manifest in a village 
where the inhabitants presumably rise with the 
lark, breakfast cannot be procured before half- 
past eight in the morning, and this, when it 
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arrives, consists of black coffee and a sweet bun, 

It is only fair to add that in the large towns 
of Lisbon, Oporto and Coimbra, the hotels are 
excellent, being superior to most British hotels, 
and all rooms are generally equipped with 
private bathroom and telephone. Meals, more- 
over, will be served at any reasonable hour up 
till midnight and the service is impeccable. 


GENERAL. 


In order to understand the Portuguese people 
and their mentality, it is necessary to make a 
subjective study of their background. 


The artisan in Britain has inherited his skill 
from many generations of craftsmen. Feudalism 
and paganism for him belong to the long-distant 
past. In Portugal this is not so. 


While wood shipbuilding has been going on 
since the dawn of history, shipbuilding in steel 
started only a generation ago, with imported 
overseers. There never was any building in 
iron. The Portuguese ironmen have had to cut 
their teeth on modern motor vessels, and the 
industry has had very little time to build up a 
reserve of expert shipbuilders. 


Consequently, the workmen have had to be 
recruited from outside trades, and as Portugal 
is not yet industrialised, the bulk of them are 
from a mainly agricultural and _ pastoral 
community. These men as a class can seldom 
read and write, and they have brought with them 
the traditions, beliefs and superstitions of their 
forefathers. For them, feudalism is still extant 
in principle if not in fact, and paganism has not 
yet been eradicated from their minds. 


In the country there are still the wealthy land- 
owners and the poor peasantry, economically 
tied to the land, and a lot of the road-making 
and heavy labour, including the coaling of ships, 
is done by women. Witchcraft is practised in 
the more remote districts, the evil eye is still to 
be avoided, and even to this day in a small 
village near Lisbon, small clay figurines of 


Ashtaroth, the Phoenician goddess of nature, 
are sold at the fairs as charms. The mentality 
of the country folk is at about the same stage 
of development as are the solid wooden wheels 
of their bullock carts, but let it be noted that 
their kindness and hospitality remain on the 
same old generous scale of those bygone days. 


A stranger to Portugal is apt to be confused 
by the monetary system, although it is the 
simple arrangement of one hundred centavos to 
the escudo. This elementary system, however, 
has been superimposed on the basis of the old 
milreis (thousand reales) the equivalent of the 
escudo, which was broken up into tens and 
hundreds, each having a separate name. 


Thus, in the market places, Ese. : 2$00 will be 
two eseudos to a foreigner, twenty tostoes to a 
city housewife and two milreis to a country- 
woman. To further complicate matters, the 
same sum can be variously and accurately called 
four corédas or five cruzados, this obviously 
being a survival of the old vigesimal system of 
the Middle Ages. 


Elderly people still recall a coin called a 
“pinto,” worth -48 of an escudo, but the imagina- 
tion boggles at an attempt to establish a basis 
for this numeral system. 


It is not surprising, therefore, that the simple 
Portuguese workman, confronted with a problem 
in shipbuilding, is apt to miss the shortest road 
to its solution, and it is mainly in this respect 
that the surveyor with his broader experience 
and his common sense plays his most important 
role. 
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CONCLUSION. 


From the foregoing, the surveyor will realise 
that classification and damage surveys will entail 
more patience and a broader outlook than similar 
inspections in Britain. He will probably not 
learn any new devices in the skill of building 
and repairing ships, and will find that such 
experience as he has previously acquired will be 
greater than that possessed by most of the 
shipping people he will meet with. 


He will be called upon to deal with little 
problems of design which elsewhere would be 
settled in the drawing office by the shipbuilders 
themselves. He will also have to bring his 
personal experience to bear on the lay-out of 
engine rooms, accommodation and eargo gear, and 
his advice may even be asked and accepted on 
questions of interior lighting and decoration. 


To all of these problems, a direct and un- 
equivocal reply must be given, and it is mainly 
for these reasons that the Portuguese merchant 
fleet is 100 per cent Lloyd’s Register: the ship- 


owner feels he is getting good value for money 
spent on classification. 

At the same time, the surveyor will be 
absorbing an immense amount of useful know- 
ledge in shipwork and management which cannot 
be found in textbooks and which he would not 
normally acquire on routine survey work in 
more advanced ports. 


After reading this paper, he may consider the 
experience gained a poor return on the extra 
work and additional hardships entailed, but it 
must be pointed out that in the preceding 
chapters only those details were mentioned 
which differ from U.K. practice, and only inso- 
far as his duties are concerned. The professional 
life is no harder than it is at home and the social 
life is immeasurably superior. 


Portugal, in effect, is one of the few countries 
where the older civilization is still to be found, 
and with its quaint contrasts, pleasant climate 
and happy-go-lucky people, is a charming place 
to live in. 
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DISCUSSION ON MR. JOHN GUTHRIE’S PAPER 
THE SURVEYOR IN PORTUGAL 


MR. A. W: JACKSON. 


It was with much pleasure that [ perused the 
Author’s paper, and it is easy to see from this 
paper and the one previously presented that 
he has gone about the country with his eyes 
open. This trait will no doubt have stood him 
in good stead in dealing with those with whom 
he comes into daily contact. 


Obviously the Committee are well advised in 
appointing such Surveyors to foreign ports, 
especially as in the case of the Author, who 
possesses a fluency in the Spanish language as 
well as in Portuguese which will enable him to 
move readily to deal with shipowning repre- 
sentatives from across the border. 


Early in 1946 it was my good fortune to be 
instructed to proceed to Lisbon to confer with 
Mr. G. Dixon and the Author on shipbuilding 
matters, a visit which it was thought would be 
in the best interests of the Society. 


My first impression of Lisbon seen at night 
from the air in a blaze of coloured lights was 
that I was approaching fairyland. In daylight 
the vivid colours of the houses, .the tropical 
vegetation, and the broad avenues in the 
newer parts of the city and the surrounding 
country were enchanting. 


I was struck by the courtesy of the people 
with whom TI came into contact: 


Early in my tour T examined the 10,000 ton 
oil tanker being constructed at the naval 
arsenal (Arsenal do Alfeite) and found the 
workmanship compared most favourably with 
the best British practice. 


Sub-drilling and rimering, and drilling in 
position at diffieult points, using one plate as 
a template for the other were used. The 
sternframe for the tanker was being fabricated 
from plating by eleetrie welding and every care 
was being taken by frequent cheekings to 
prevent distortion. 


As steel construction is 
infancy, and the  Society’s 


relatively in its 
Surveyors are 


expected to give, and from my own observation 
do give, builders extensive assistance in the 
preparation of plans for submission, over and 
above that given by colleagues in shipbuilding 
yards at home. 


Construction ‘progress was very much slower 
than in this country, as it was understood that 
the output of steel per day was about 12 tons, 
and this figure was given as the upper limit at 
any one yard. 


In the case of the Cia Uniao Fabril (Lisbon 
Yard) work had only just commenced on one of 
the six vessels ordered. This yard which was 
adjacent to the publie dry docks, also earried 
out repair work, consequently the new 
construction fluctuated with the extent of the 
repair work in hand. 


One such repair to side plating and framing, 
as deseribed by the) Author, took place whilst I 
was there, and although on oceasion at home 
some such expedients are resorted to in the 
case of necessity, we do not make a practice of 
it, especially below water level. 


The Portuguese repairers certainly obey the 
letter of the law as regards sealing of steelwork. 
In the ease of the S.S- “POLLENZO”, which 
was going through a 2nd S.S. No. 3 during my 
visit, there was a whole array of sealers all 
over the ship sealing to “bare bone” as the 
Author remarks. 


When the Viano do Castelo shipyard was 
visited the dry docks were being excavated, 
and the removal of the debris was being done 
by many women who, in many eases, were 
without foot covering and carried the stones 
and earth in baskets on their heads. 


The Atlantic rollers were dashing against the 
breakwater, and repairs to the latter had 
frequently to be made. 


One wondered at the time whether with a bar 
at the entrance and the vagaries of the weather 
to eontend with, how often a vessel eould he 
dry docked safely. 


All the offices, sheds and power house were 
erected, but much machinery necessary for 
the preparation of ship material had not been 
delivered, nor had the steel. Even so. the 
officials who’ had put their savings into the 
shipyard as a communal effort were very 
optimistic, and were of the opinion that 100 
per-cent of the steelwork could be prefabricated 
from moulds prepared in the loft. 


As these moulds were made of timber and 
might not be used for months, an endeavour 
was made to repress some of their enthusiasm 
for excessive mould loft construction, especially 
in connection with vessels whieh had no 
parallel middle body and a large rise of floor: 


Viano do Castelo is about 300 miles North of 
Lisbon, and I can heartily endorse the Author’s 
statement that journeys there are something of 
an ordeal, especially if made by road during a 
rainy period. 


It was interesting to observe the large amount 
of wood shipbuilding that was being earried on 
in Portugal, not to class but purely as in the 
ease of vessels built for the Lock Fishing Co., 
on an inspection basis only during construction. 
Opportunities were afforded me to examine a 
number of wooden fishing vessels under 
construction, but on account of the unsuitability 
of the woods used, it was not possible to 
recommend them for class. 


Regarding the work card referred to by the 
Author, it was said that without the former it 
was not possible to obtain a food card. As 
rationing at that time was on similar lines to 
that obtaining at home (the only difference 
being we do get our rations) the will to strike 
was damped considerably. 


As previously stated we stayed the night at 
Oporto on our journey to Viano, and early next 
morning the Author telephoned the — hotel 
regarding a vessel at the docks at Leixoes that 
had sustained damage. After an early 
breakfast and before the streets were aired an 
examination of the damage was made and 
repairs recommended. 


The Captain thought that he was receiving 
extraordinary service from Lloyd’s Register, as 
he had only got in touch with his Lisbon agent 
the previous evening. 


The Author has stated that there are two 
classes, consequently the shipyard workers 


commence early and finish about the same time 
as similar workers in this country, but the 
managerial classes and important people in 
offices. do not make such an early start, but 
finish correspondingly later in the evening. 
Surveyors make an early start to meet the yard 
people on the job and stay late to deal with 
officials and Owners Representatives—services 
rendered to keep both classes sweet: 


I have perused the paper with much interest 
and with many happy recollections of —my 
Portuguese visit. 


MR. R. H. T. GORDON. 


I have read Mr. Guthrie’s most interesting 
paper with keen enjoyment, and there ean be no 
doubt that it is a valuable addition to previous 
publications on service abroad. 


These papers are eagerly perused by the 
Junior Surveyors especially, many of whom 
are greatly desirous of an opportunity to serve 
the Society in foreign parts, and I should 
think that Portugal has now aseended several 
places in the list of desirable appointments. 


There is one thing in all these papers which 
I feel should be emphasised. No matter the 
country -deseribed, the reputation of Lloyd’s 
Register is of the highest, and the Repre- 
sentatives of the Society are held in the greatest 
respect and esteem by both high and low. As 
Mr. Guthrie pointed out,-the Surveyor abroad 
may—and most likely will—he asked to deal 
with a multitude of problems — entirely 
unconnected with normal classification work, 
and the fact that these duties are carried out 
willingly and cheerfully has much to do with 
the reputation enjoyed by the Society. The 
writer has served abroad, although only for’ a 
short spell as compared with the foreign service 
of many colleagues, and the respect in whieh 
the Society is held was brought home to him by 
the following incident :— 

A strike of riveters was imminent in an 
Indian shipyard, the lower grades of riveters 
being dissatisfied with their grading — (the 
riveters were paid time rates and on a system 
of grading according to their proficiency, or 
lack of it.) The European management were 
agreeable to have the riveters regraded and 
proposed that, as a neutral party,.one of the 
riveters’ own countrymen, the Government 
grading officer, be appointed to test and grade 
them. The men would have none of it, and 


demanded that the Lloyd’s Register Surveyor 
test them, to which demand the management 
readily agreed, probably reasoning that no 
riveters would be up-graded unless proficient, 
otherwise the Surveyor would be confronted 
with bad rivets, more or less of his own making. 
As the repercussions of what might ensue 
were unknown, it was thought well to seek 
permission from head office to tackle this job, 
and the answer duly arrived in the affirmative. 
The testing of the riveters was carried out 
under working conditions, the results tabulated 


on completion with comments on each man, 
and the grading recommended was ruthless. 


Copies were sent to the yard management and 
to the workers’ union, to be discussed at a 
meeting the next day, the outeome of which was 
apprehensively awaited, but decision was 
queried, the recommendations being aceepted by 
both sides without a murmur. 


no 


In the introduction, reference is made to the 
young Surveyor being sent out on his first 
foreign assignment “having been duly coached 
hy head office as to teehnical requirements.” 
| trust that I will not offend by suggesting 
that much more could be done in the respeet of 
coaching than is the practice at present. 
Granted that transfers abroad nowadays are 
not such hurried affairs as they were a few years 
but the main factors concerned are the 
conditions reigning at the time, and former 
conditions could easily return. Being popped 
into a plane, with one arm painful and swollen 
from T.A.B.C. inoculations and the other 
itching intolerably from a vaccination, probably 
to be switched between extremes of climate 
in 48 hours, ean only be termed an elevating 
experience on account of the altitude maintained 
during the journey. The young Surveyor so 
beset, proceeding to a one man port, or ten 
times worse, to open a new office, does not 
have his worries to seek, and apart from 
apprehensions concerning new and unfamiliar 
surveying duties, language difficulties ete., he 
probably wishes he knew more about all the 
various report forms, returns and office routine. 
I feel that it would be to the benefit, not only 
of the Surveyor, but of the Society, if young 
Surveyors were given a short intensive course 
on reports and office procedure, say immediately 
after their year of probation, and provided 
with sample copies of all reports and returns. 
Some knowledge of an office filing system would 
also be an advantage. 


ago, 
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Referring to the last paragraph of “First 
Impressions” on page 6, the Author mentions 
day temperatures of over 100° F- in the shade, 
and I wonder if any cases of distortion due to 
expansion or contraction have come to his 
notice. I have in mind a certain ship built in 
India, four hundred feet B.P, shell and deck 
butts, framing, tank top plating all electric 
welded. The steelwork of this vessel was 
erected fairly quickly in day temperatures of 
over 100° F. in the shade, and entirely exposed 
to the direct heat of the sun. One morning 
about 7.30 a.m. consternation reigned when it 
was found that the ends of the vessel were lifted 
off the blocks about one and a_ half inches, 
tapering back to zero over a length of approxi- 
mately forty feet from both stem and_ stern- 
frame. As the direct heat of the sun took 
effect, the ends gradually lowered, until by 
shortly after noon all was normal, the ends of 
the vessel being hard down on ‘the blocks: 
Shortly after sundown, the ends started to rise 
again, and several hours later had reached the 
one and a half inch up position, the minimum 
night temperature being about 85° F. This up 
and down business went on daily until the vessel 
was launched, and despite very thorough and 
regular examinations, no fractured welding or 
other defects were found. It might also be 
mentioned that when it came to sighting through 
for line of shafting, prior to boring out the 
sternframe, sights were taken with ends of 
vessel up and down, and the mean of the two 
sets of sights taken for the final line. It would 
be interesting to hear of any similar cases, and 
to have suggestions for avoidance of this trouble. 


The description by the Author, on Page 7, of 
a riveting squad consisting of five men, there 
being two men to hold the pneumatic hammer, 
appears to be somewhat at variance with his 
statement on Page 9, that the workers are good, 
keen and enthusiastic, ete. Perhaps the could 
enlarge on the reasons why two men are on the 


hammer. A few years ago in India at the 
start of a new shipyard, the writer was 


confronted with this business of two men on 
the hammer and in addition two men holding 
on. This is the custom in several Indian ports, 
and appears to give satisfactory results in 
established repair works, where no doubt years 
of practice have enabled the riveters to 
become proficient. It is undoubtedly the 
result of lack of physique and stamina in the 
workers, allied to the enervating climate, 


One does see Pathan riveters operating single 
handed on certain types of work, but even they 
go back to two men on the hammer on 
shell work, ete. My introduction to this 
system, with a completely inexperienced Indian 
foreman, and with loeal labour, mainly coolies 
from the paddy fields, was a soul-destroying 
experience. The efforts of two men on the 
orthodox hammer, with convex head to enable 
the rivet point to be rolled after knocking up, 
gave appalling results, and it was almost 
despaired of ever seeing a ship built. Owing to 
lack of co-ordination between the two men, the 
hammer kept slipping off the rivet, and as 
often as not the point was finished off over to 
one side, revealing part of the countersink 
unfilled, and in addition, it is no exaggeration 
to say that 75 per cent of the rivets that 
appeared to be correctly finished were found 
slack under hammer test. Every effort was 
made to get one man to work the hammer, 
including a ‘personal demonstration, but they 
would have none of it, not even when the offer 
to allow them to use Boyer 40 machines was 


made. (The Boyer 40 is one of the lightest 
pneumatic riveting hammers in use; the 


makers very conservatively describe it as 
having the capacity to knock up @ inch dia. 
rivets, but given good pressure—not less 
than 90lbs. per sq. inch—it will knock up 
anything up to 14 inch dia. and is widely used 
in the U.K.) Eventually the difficulty was 
surmounted by converting the ends of the 
hammers from convex to coneave, i.e., like a 
hydraulic dish cup but with a more shallow 
recess. The riveters were instructed to drive 
the rivet straight into the countersink and not 
to attempt to roll the rivet point, the dish head 
of the hammer forming the point. The results 
were highly satisfactory, a sound rivet entirely 
filling the hole and countersink, the shape of 
the hammer end enabling it to grip the rivet 
so that it did not slide off. The rivets used 
had to be a shade longer to ensure that they 
filled the countersink, otherwise the hammer 
came on to the shell before the countersink was 
filled, and consequently the rivet points were 
slightly bigger and more full than usual. I 
know that some people are of the opinion that 
such a rivet point is bad, in as much as it 
presents caulking difficulties, but I do not share 
this view. A good rivet does not need 
caulking, and in my opinion the caulking of rivets 
may be greatly overdone, the caulker merely 
covering up bad riveting workmanship. New 


rivets showing a slight weep or tear under 
water test are better left alone; they will rust 
and take up very quickly indeed. 

The Author’s description, on Page 9, of the 
removal and refitting of framing with vessel 
afloat is most interesting, and shows considerable 
enterprise on the part of the Repairer. As 
an alternative to the use of a diver in fitting 
bolts from outside, or even in the fitting of 
bolts m the side of the vessel next the quay, 
where a diver might run the risk of being 
crushed, the following is a method of fishing 
in bolts, which had considerable vogue during 
the war years in Manchester. 


This method, from reading the following 
description appears to be very complicated, but 
is really simple, and the writer has seen a 
dozen shell rivets inside a double bottom tank 
removed and replaced with bolts in about half 
an hour. It was frequently used to replace 
leaking rivets of shell webs in tanker engine 
rooms, and constituted a very sound temporary 
repair, obviating the necessity for dry docking 
and consequent delay, and proved the maxim 
that a tight bolt is better than a slack rivet. 


The equipment consisted of specially made 
snap headed bolts as per figure I, with end 
tapped to take an eyed screw. These bolts 
were kept in stock, of various diameters, so 
that the rivet being removed was replaced with 
a bolt of similar diameter. The eyed screw, 
about + inch dia. and as heavy as possible, is 
attached to a long length of fine flexible wire 
on a reel, the wire having been passed through 
a tapered wood plug before connection to the 
eyed screw as per figure II. The last piece of 
equipment is rope, in the shape of the letter 
soy? ‘ 

OPERATION :— 


Drop the rope over the bow of the vessel, 
with the double end of the “Y” on the side 
requiring repair, and the single end of the “Y” 
on the other, and work the rope down under 
the vessel and along to vicinity of repair, so 
that the apex of the “Y” is more or less 
opposite point of repair. Burn off rivet head 
and punch out rivet. One man removes the 
punch and another pops in the eyed serew and 
wood plug, the eyed screw being drawn hard 
against tapered end of plug by keeping the 
wire taut. (This part of the operation of 
course entails a spout of water). The wood 
plug is hardened up and the wire paid out so 
that the eyed screw hangs down below the — 


bottom of the vessel. The men on the double 
end of the rope now heave in, while on the 
other side the rope is paid out. The fine wire 
connected to the eyed screw is also paid out 
continuously and is caught up in the fork of 
the rope and carried up to the deck where eyed 
serew is attached to bolt, suitably grommeted 
and with a good smear of thick white lead. 
The procedure then goes into reverse, and the 


Author’s 


The paper under diseussion was presented to 
the Staff Association as a factual and 
dispassionate description of the  surveyor's 
background in Portugai. The idea of its 
proving sufficiently interesting to colleagues 
as to provoke written comment was never 
entertained, and the preceding remarks and 
queries are accordingly appreciated. 


To Mr. JAcKson 


Mr. Jackson’s neatly turned compliment in 
his opening sentence is appreciated. It may 
please him to hear that superintendents and 
shipowners still remember him and often ask 
when he is coming out to Portugal again. 


When ships require to have main frames 
removed, there is seldom the need to carry out 
this operation afloat in U.K. owing to the 
abundance of dry or floating docks all around 
the coast. It is only where dry docks are not 
available that this form of repair would be 
undertaken, and unfortunately Portugal has 
only one dock capable of accommodating a 
ship of 5,000 tons or over. 


The remarks concerning the Lisbon office 
hours are most apt: the surveyor has to start 
with one shift, so to speak, and finish at the 
end of the following shift. These conditions, 
however. probably apply to most foreign 
countries, and serve to remind young colleagues 
and their wives that their way of living as 
well as their way of working will be greatly 
altered. 

Mr. Jackson touches on a theme which had 


not been dealt with in the paper—that of the 
language difficulty. 


Having received the doubtful benefits of a 
continental education in a bilingual country, 


wire is wound in until the eyed serew is felt 
on the outside of the wood plug The wood 
plug is then loosened, with the wire kept taut, 
and as the plug is withdrawn the combined 
eyed screw and bolt follow it into the rivet 
hole. The screw is then removed, washer and 
nut fitted to bolt and hardened up tight- 


Fig. III is a rough sketeh giving an idea 
of the operation. 


Reply 


where part of the school curriculum was taught 
in one language and part in the other, with 
two additional foreign languages as compulsory 
subjects thrown in for good measure, the 
Author feels he is competent to air his views 
on the subject of language in general. Unless 
the surveyor can speak the local tongue fluently 
and idiomatically, he should refrain from 
discussing abstract subjects such as classification 
and underwriting except in English. Mistakes 
in translation, when applied to shipbuilding, 


are very costly. Most surveyors — stationed 
abroad will remember rather embarrassing’ 
moments When they were involved in an 


argument with a voluble shipowner, their only 
part in the discussion being an occasional mono- 
syllabic word which passed unnoticed in the 
general contusion. Had they insisted — on 
speaking their own language, the shipowner 
would have been compelled to talk in. pidgin- 
English and would therefore have lost most of 
his righteous indignation and all of his moral 
advantage. 


To the younger surveyors who may be sent 
abroad the Author gives the following hints :— 
(1) Either learn the language thoroughly or 

else leave it alone. Prestige, the surveyor’s 

stock-in-trade, is not enhaneed by halting, 
mumbled pidgin-speech. 


the language and the 
word will follow 


(2) Learn to think in 
spoken and written 
automatically. 

(3) Throw away all those carefully prepared 
lists of irregular verbs and conjugations so 
thoughtfully supplied by language teachers, 


and which are so seldom used in current 
speech. In the process of learning the 
language, the grammar will be absorbed 


automatically and without effort. 


To Mr. Gorvon. 

This paper was mainly intended for Junior 
surveyors who had not had previous experience 
abroad. It is hoped, however, that some of 
the surveyors at present stationed abroad may 
take a hint and write of their experiences in 
their districts. What seems commonplace 
and dull to them will probably be most 
interesting and helpful to their successors. 


Mr. Gordon’s remarks on transfers abroad 
are very much to the point: a thorough 
knowledge of the office routine and book- 


keeping would be of great advantage to the 
young surveyor. Out here, the surveyor has 
to be accountant, banker, legal adviser, 
taxation expert (and taxation in a Latin 
country is a, fearful and wonderful thing), 
foreign correspondent, typist and, presumably 
in his spare time, surveyor. There are so many 
new angles to the surveyor’s work that can only 
be learnt on the spot that any part of his 
training that can be undertaken at home should 
be mastered before he leaves U.K 


The remarks concerning the ship under 
construction in India are most interesting, and 
it must be very difficult to sight through for 
the line of shafting under the conditions 

mentioned, Fortunately in Portugal the 
summer temperatures are never so high as those 
out East, and no trouble is experienced in 
boring out. It should be mentioned, however, 
that when checking the shaft alignment before 
fitting the chocks, the final measurements are 
always taken in the morning before the decks 
hecome heated. 


Mr. Gordon’s remarks on the statement that 
in Portugal it requires two men to hold the 
rivet hammer are answered by himself farther 
on in the same paragraph. It is mainly a 
question of physique, as the local riveters 
cannot possibly compare with those chunky 
little men, five foot high by five foot broad, 
Who built ships on the Clyde in the days of the 
Author’s apprenticeship. It is also a ease of 
‘it has always been thus” and Mr. Gordon, 
with his knowledge of the East, will realise 
that there is nothing one ean do to remedy this. 


The description of the attempts to get the 
Indian riveters to knock up good rivets with 


pneumatic hammers recalls the experiment 
made by a Lisbon shipyard to introduce 
hydraulic type riveting. This machine was 


powered by a compressed air eylinder and was 
slung from a gantry, the structure to be dealt 
with being manipulated on trestles immediately 


below. During the riveting it took a squad 
of five men to wrestle with the machine and 
plating, plus a boy to heat the rivets, and in 


half an hour only five rivets were fitted, In 
spite of helpful advice from the surveyors this 
rate of progress was kept up for three weeks, 
when the machine was finally returned to store 
and replaced by pneumatic hammers. 


Mr. Gordon’s  deseription of removing 
defective rivets and replacing them by bolts in 
the manner shown is extremely useful and his 
sketch is being kept on file for any future 
temporary repair where this method might be 
used, 
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ALTERNATING OR DIRECT CURRENT ON 
SHIPBOARD 


By. Av JAFFE REY 


OR many years, the electrical distribution 
F on board all types of vessels, has been 
direct current. 


Within the last few years it has been 
proposed to use alternating current instead of 
direct current, and in fact, several vessels have 
already been fitted with alternating current 
distribution. 


The reasons for the proposed change to 
alternating current, are both numerous and 
diverse, but the main advantages usually stated 
are: 


(a) Reduction in weight of the electrical 


installation. 
(b) Reduction in cost. 
(c) Higher efficiency. 


(d) Elimination of the troubles and main- 
tenance associated with the commutators, 
which are always present in direct current 
machines. 


It must be realised that, in this connection, 
the foregoing reasons were stated before any 
installation had actually been placed on a 
vessel, so no actual installation was available to 
check the statements. 


It is understood that a particular type of 
naval vessel has been provided with an 
alternating current installation, and naturally 
the weight and other particulars were very 
carefully ascertained. It was found : 


(a) That standard apparatus for the normal 
frequency of 50 eyeles as used on land 
was far heavier than the direct current 
equivalent. Consequently, the frequency 
of supply was increased to 60 cycles, and 
in order to be quite certain that the 
weight was less than the direct currrent 
equivalent, the frequency would have 
had to be increased to 65 eycles. 


(b) The cost was found to be higher than the 
equivalent D.C. installation. 


(c) The efficiency when operating at full 
maximum load, was slightly higher than 
with direct current. At lower and 
cruising speeds it was less than with direct 
current. 

(d) No information is yet available as to the 
maintenance required in alternating current 
installation. 


The first alternating current air circulating 
fan motors of a refrigeration equipment, were 
fitted on a vessel with a direct current 
distribution installation, Motor alternator 
units were fitted to provide the alternating 
current supply to the air fan motors. In order 
to obtain the best arrangements in regard to 
speed, the frequency of the supply to the fan 
motors was 100, not the normal 50 eyeles, used 
on land. 


For many years the writer prepared proposals 
for installation on board ship. In some cases, 
the estimated costs of the direct current were 
assessed as lower than the alternating current 
proposal, in other almost similar cases, the 
reverse occurred. In all cases the calculated 
running costs were about the same, and in 
general, the direct current arrangements were 
slightly less weight than the alternating current. 
No case occurred where the preponderance of the 
advantages ever favoured one system or the 
other, to any marked degree. 


It might be well to say something about that 
much maligned piece of apparatus known as 
a “commutator.” These remarks must be 
necessarily very brief, for not one, but many 
papers dealing only with commutators, could be 
written without exhausting the subject. — It 
should be understood that to all intents and 
purposes there is practically no electrical design 
in a commutator, and it is, in fact, one of the 
most interesting and annoying mechanical 
designs to be met in engineering. 


Assuming normal commercial machines, the 
troubles experienced in service on commutators, 
are due primarily to ignorance, bad workman- 
ship, and first cost. 


The finished commutator consists of two very 
definite parts, the one the design, and the other 
the assembly. A good design does not and 


eannot result in a good commutator, if. the - 


assembly is bad. Correspondingly, a bad 
mechanical design can never result in a good 
commutator no matter whether the assembly is 
good or bad. 


Except for perhaps one in a million, every 
commutator used on board ship is of the “V” 
ring type. Such commutators consist of copper 
bars with insulation, usually mica, between the 
bars. Vees are cut in the ends of the copper and 
miea into whieh are placed corresponding metal 
Vees, usually steel or cast iron, and insulation, 


usually mica, is placed between the steel Vees . 


and the corresponding Vees in the copper. 
The steel Vees are held in position in a variety 
of ways. 


There are two methods of constructing such 
commutators, the one where the steel Vees fit 
into the Vees in the copper, the construction 
being known as “Vee bound”, and the “Arch 
bound” type where the lower side of the steel 
“V” only enters into pressure contact with the 
corresponding lower side of the Vee in the 
copper. 


There is no doubt that the arch bound 
commutator is the better of the two, but if the 
assembly is incorrect or the design is faulty, 
then “arch binding” will not result in trouble 
free operation. It is impossible, by visual 
examination of a finished commutator, to 
ascertain whether it is “V” bound or “Arch” 
bound. In practice, the copper angle of the “V” 
in ‘the steel rmg in an arch bound commutator 
is made only a few degrees less than the 
corresponding upper part of the “V” in the 
copper. It is necessary to make these 
arrangements to seal the “V” groove and prevent 
entry of foreign matter: 


A few of the points which must be dealt with 
to ensure a good commutator are : 


1. A copper segment less than 0-16 inch 
wide on the commutator surface. should 
not be used. 


2. A copper segment greater than 0-75 inch 
or preferably more than 0-625 inch wide 
on the commutator surface, should not be 
used. 


3. The mica segments should be 0-030 inch 
thick, approximately; a thickness of 0-04 
is too thick and 0-02 too thin. 


4.It is of the utmost importance that the 
amount of shellac, or binder, in the mica 
segments should be a minimum: in this 
respect all segments should be weighed in 
relatively small packets during assembly, 
to determine the approximate ratio of mica 
to binder. 


The next point to be considered is that of the 
brushes, which introduees a whole set of 
difficulties to the unwary. 

There is no doubt that provided the design 
ete. is correct, at least 75 per cent of the 
commutation troubles, and all the wear, are due 
to the mechanical forees involved in the action 
of the brushes on the commutator. 

The next two facts are: 

5. A “high” bar is one which protrudes above 
the true cylindrical surface of the 
remainder or mean of the other bars. 
A bad high bar is roughly about 0-002 
inch high. 


j. Naturally, it depends upon the peripheral 
velocity and the design of the brushgear, 
but. with a peripheral velocity of about 
2,000 ft. per minute, the brushes will 
follow an ovality of about 0-010 inch. 


It is obvious that, viewed from the aspect of 
direction of rotation, brushes may make a 
trailing or acute angle with the commutator, or 
be truly radial or may be reaction, that is, make 
an obtuse angle with the commutator surface, and 
in fact it is common practice to use brushes at 
all these different angles. 


In general, if the machine is used on a 
reversing duty, then the brushes are placed 
radially, so that the result is the same in the two 
directions of rotation. This is not absolutely 
inviolable, as in certain eases, where the time of 
rotation in one direction is relatively small, as 
for example a propeller motor in the astern 
direction, then the brushes need not be radial. 


The forces acting upon the brush are very 
complicated, and it must be remembered that all 
that is intended is to keep the brush in 
permanent steady contact with the commutator 
surface. With normal radial or trailing 
brushgear, the brush is maintained theoretically 
against a support, and on the trailing side; these 
supports are usually known as brush boxes. 


The theory behind reaction type brushgear is 
that there is a resultant foree from the pressure 
on top of the brush which is just sufficient 
to withstand that due to the friction between 
the brush and the commutator, in other words, 
in the limit when the commutator is rotating a 
brush box is unnecessary, and the brush does not 
touch or press on the trailing side of the box 
when one is provided. Practically, of course, 
the latter theoretical condition is unobtainable, 
and with reaction type brushgear, the brush is 
always either against the trailing or leading 
sides of the brush box. 


It is a strange thing that one of the primary 
elemental theories of mechanies is forgotten in 
at least 75 per cent of the occasions. where undue 
wear or difficulties are met in commutators. 
It will be agreed that the friction between the 
face of the brush and the commutator tends to 
move the whole brush round in the direction of 
rotation. It is also axiomatie that if the brush 
is constrained from forward movement in a plane 
parallel to the commutator surface, couples arise 
which tend to cause the brush to rotate about 
the plane of restraint or in simple words, a 
wedge action is produced. The farther the 
plane of resistance is from the commutator the 
greater is the “wedge” action. This, of course, 
is the prime cause of undue wear. It is logical 
to keep the wedge action as small as_ possible, 
or interpreted into practice— 


7.'The trailing and leading edges of the brush 
boxes should be parallel to the commutator 
in both planes and, what is more important, 
shall never be more than ,%, inch and 
preferably nearer yy inch from the com- 
mutator. 


When commutators get hot they change in 
shape, and under centrifugal force the diameter 
changes. It is thus necessary for the brush to 
remain in perfect contact under a variety of 
service conditions, or in other words, the friction 
between the brush and commutator varies. 
Taking the argument one stage further, this 
means in practice that the resultant pressure on 
top of the brush and the friction at the face 
and on the sides of the brush box is a very 
variable quantity. If, however, it is ensured 
that there is a preponderance of force tending 
to keep the brush against the side of the box, 
then theoretically the brush is maintained at 
a constant angle to the commutator. 


B 


Unfortunately, these ideal conditions are not 
found in practice. It is a faet that no matter 
whether broaching or any other normal 
manufacturing method is used, no-one has yet 
sueceeded in producing a brush box, where the 
face, against which the brush presses, is flat. 
In general this face is convex to the brush. 
Tt will be appreciated that this latter 
complication produces very variable results, 
particularly as no two brush boxes are alike in 
respect of the departure from true flatness. 


There is a method of overcoming this difficulty, 
which is so simple and obvious that it is over- 
looked. It is only necessary to ensure that the 
brush bears on the face of the brush box at the 
top and the bottom, in other words, all that is 
necessary is to rub the face of the brush on a 
piece of emery paper so that it is ground away 
for the area within the brush box, from about 
0-003 inch to nothing at the commutator end. 


Perhaps some idea of the effect of friction can 
be gathered, when it is understood for example, 
that a commutator running at about 5,000 feet 
per minute may have a temperature rise of 
40° C. without any current passing at all. 


It is well to realise that the difficulties with 
commutators are chiefly mechanical, and rarely 
electrical. 


It is common practice nowadays when trouble 
is met with commutators to call in the makers 
of brushes, and it usually results in a 
recommendation to use another grade of brush. 
There is no magie or abstruse knowledge behind 
this suggestion. Basically, it only means a 
change in the coefficient of friction between the 
brush and the commutator, due to a difference 
in the composition of the brush, and which is 
only a mechanical change and not an electrical 
change. 


The foregoing is a very limited amount of 
information about commutators, but it is 
hoped that sufficient has been said to show that 
the problems are basically mechanical. 


The 


ace —— 


objections raised about commutators 


8. Undue wear of the commutator surface, 
9. Rapid wear of the brushes, 


10. Sparking. 


The answers, of course, are that the grade of 
brush may be incorrect, as, for example, may 
oceur if commutation trouble is experienced when 
the machine is new, and the brush is then changed 
to one containing copper, which gives good com- 
mutation but is very abrasive, or that the angle 
is incorrect, or that the means of applying 
pressure to the brush is incorrect or the com- 
mutator is out of truth or has a high bar. ‘There 
are many other causes which should have been 
obviated when the machine was at the makers’ 
works, 


Tt will be appreciated that the question whether 
alternating or direct current should be used on 
board ship cannot be sharply defined or divided. 
After all, most electrical supply nowadays on 
land is alternating current and has been so for 
some considerable time, so that if alternating 
current were immeasurably superior to direct 
current on board ship it would have eliminated 
direct current many years ago. There are no 
limitations in regard to design difficulties, such as 
occurred on land. 


Perhaps one may wonder why a change from 
direct current to alternating current is required, 
for in this country it was certainly not the 
shipowner or the underwriter or, in fact, the 
shipbuilder who originally raised the question, 
either from weight, cost, efficiency or elimination 
of the commutator. Only the manufacturer is 
left together with the fact that our standardised 
frequency is 50 eyeles not 60. 


In order to establish measure of 
comparison, as well as the four main points 
outlined above as the reasons for the changes, 
it is proposed to mention some of the difficulties 
associated with the two systems. 


some 


Perhaps the first point to clarify is that often 
misunderstood happening, a failure of electrical 
insulation. It can be said that no direet basic 
dielectric failure ever occurred on the normal 
ship’s electrical installation. This may appear to 
be somewhat startling, but perhaps some idea of 
what is meant can be drawn from the fact that 
250 volt cables when new have to withstand 1,500 
volts for fifteen minutes, yet fuses blow on 
board, due to “cable failures’. All insulation is 
partially conducting, and when insulation is 
new and homogeneous, it offers a very high 
resistance to the passage of any current through 
it. As the pressure voltage is increased so is 
the current flowing through the insulation 
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increased. A simple explanation which is not 
absolutely correct is that when the current 
flowing, which causes -heating, raises the 


temperature to such a poimt that the insulation 
is affected, then a true dielectric failure occurs, 
that is, the resistance through the insulation 
becomes almost zero, and the failure is directly 
through homogeneous insulation. In point of 
fact, 0-001 inch of yellow cambrie tape or paper, 
or mica ete. will withstand 1,000 volts whilst a 
centimetre of air will withstand 30,000 volts 
and a centimetre of oil 50,000 volts, and distilled 
water is a very good insulator. The reason 
that failures do oceur, apart of course, from 
mechanical damage, is due primarily to ageing 
of certain types of insulation. As a result, 
due to vibration and other forces, the insulation 


cracks mechanically, and failure oceurs over 
the surface or through these eracks. In 


other words, it is not a case of current passing 
through the insulation and causing heating. 
Apart from mechanical damage and the like, 
failures on board ship whether — eables, 
switchboard motors or generators ete. fail 
over the surface or cracks in insulation and not 
through homogeneous insulation. The voltage 
required to cause a failure across the 
surface of insulation on ship installation depends 
only upon the condition of the surface, and it 
does not matter whether that surface is on 
mica or paper, or cambrie or asbestos ete. 
You all know that in an old vessel, where the 
cables are covered with layers of paint, they 
will operate without failure provided they are 
undisturbed. Oil is a good insulator, 
distilled water, but if either water or oil are 
deposited on the surface of a erack, or the 
exposed creepage surface or insulation, the 
impurities which get into the water or oil cause 
a decrease in resistance, with eventual electrical 
failure. If there is a creepage surface of any kind, 
the possibility of initial flashover increases with 
increased voltage, and it is the peak voltage 
applied which causes the flashover or failure, 
and it does not matter whether the voltage is 
D.C. or A.C. Without going into the complex 
arguments relating to moisture travel and polarity 
ete. as far D.C. is concerned, the reason 
for the very many disproportionate failures at 
220 volts as compared with 110 volts is directly 
due to the fact that the leakage or creepage 
paths are about the same length, and 220 volts 
D.C. will pass the required current through twice 
the resistance as compared with 110 volts D.C. 


so is 


as 


As far as A.C. is coneerned, the peak voltage 
is 2 times the nominal or rated voltage. For 
example, the peak voltage on a 440 volt A.C. 
eurrent is v2 440 that is, 620 volts, and 
assuming a constant resistance per unit length 
this voltage of 620 will cause failure across a 
leakage or creepage path $2" times that at 220 
volts. Miea is one of the few things which does 
not age, but rubber, cotton, silk and similar 
substances do age. 


It is to be expected therefore, that where the 
insulation is of the type that ages, more failures 
or earlier failures, will occur with the higher 
voltages used with alternating current, than have 
occurred with the highest direct current voltages 
used in the past. 


Associated with alternating current — is 
necessarily the number of alternations per 
second or the frequency. In general, except in 
the U.S.A., the standard of frequency used on 
land is mainly 50, but in the U.S.A. it is 60 
eyeles No manufacturer would supply any 
alternating current equipment without knowing 
the frequeney. 


PRIME MOVERS 


Where used with direct current generators, 
the prime movers can be designed and made 
for its best operating speed, as the generator 
ean always be made to match. The voltage from 
the generator, which is the item of prime 
importance, ean be obtained at any engine speed 
over a considerable range. These conditions 
apply throughout the life of the prime mover, 
and moreover, are largely independent of the 
wear occurring in service. 


In the case of alternating current generators, 
direct coupled prime movers must run at speeds 
fixed due to the frequency. If the frequency is 
50, then the prime mover direct coupled must 
run at one of the following speeds—1,500, 1,000, 
750, 600, 500, 428, 375, 333, ete. 


Moreover, it must run exactly at the original 
speed throughout its life, and the original speed 
cannot be arbitrarily modified after the prime 
mover is made, because some difficulty or other 
has been found. 


TYPE OF PRIME MOVER 


With direct eurrent generators, reciprocating 
steam engines, turbines, or diesel engines, result 
in satisfactory operation of the generators, 
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With alternating current generators, 
considerable operating difficulties may arise with 
any type of prime mover. In general, 
reciprocating steam engines, in the sizes normally 
used at sea for driving electrie generators, 
are unsuitable for use with alternating current 
generators, due to the electrical characteristics. 


PARALLEL OPERATION OF GENERATORS 


With direct current generators, from about 
one quarter load to overload, no difficulties need 
exist in parallel running, no matter whether 
the generators are different sizes and speeds, 
or different prime movers, and age does not 
affect the matter. It is not generally realised, 
but difficulties with parallel operation of D.C. 
generators should never really exist, or at any 
rate can be easily avoided. The phrase “parallel 
operation” really refers to alternating eurrent 
generators. 


Perhaps it is just as well to explain what is 
meant by satisfactory “parallel operation” and 


the other term “load sharing’. Satisfactory 
parallel operation means, basically, that in 


service without any adjustments to the controls, 
the combined characteristics of the prime 
movers and electrical generators are such that 
under a steady or variable external load 
connected to the generator, no instability ocenrs 
which causes the protective gear on the 
generators to operate. Satisfactory load sharing 
means that after the generators have been 
paralleled and the controls set at a particular 
position then all other steady or variable 
loads are shared in the same fixed proportion 
between the celeetrie generators. Thus it is 
quite possible to get satisfactory parallel 
operation without satisfactory load sharing. Tt 
is impossible to get satisfactory load sharing 
without satisfactory parallel operation. 


With D.C. generators satisfactory load sharing 
means satisfactory sharing of the eurrent. 


With A.C. generators, satisfactory load 
sharing as indicated by the wattmeters, can 
occur with or without equal sharing of the 
current. 


It is a fact that the normal requirements 
or regulations of ‘the specifications of any 
nationality, are such that satisfactory operation 
of D.C. generators has always been found 
possible, no matter what type of prime mover 
Was used. 


It is also a fact that none of the existing 
specifications are such as to ensure satisfactory 
parallel operation with A.C. generators with the 
various types of prime movers and particularly 
with diesel engines. It is rather strange that 
this condition has existed for many years, and 
it is very possible that difficulties in parallel 
operation have been wrongly attributed to the 
prime mover governor. 


As this condition is the first main disadvantage 
of diesel engine prime mover drive for A.C. 
generators, it is well to explain in some detail 
the cause of the trouble. 


It is necessary that, at all times, the 
instantaneous driving torque, is the same 
proportion of, the rating at the same instant, 
on all the A.C. generators working in parallel, 
if 100 per cent satisfactory parallel operation is 
to exist. This statement is true in its broadest 
sense, in other words, it is strietly true if the 
prime mover, or translated to the electric 
generator, the frequency, is variable. For other 
reasons which will be mentioned later, because 
of the load supplied by the generators, it is 
necessary that the frequency is maintained at 
a constant value at all loads from no load 
upwards. 


In all specifications dealing with parallel 
operation of generators, it will be found that 
the supposed satisfactory operation is determined 
by “eyelic irregularity”. Moreover, it will also 
be found that the permissible cyclic irregularity 
with D.C. generators is considerably more than 
that permitted for A.C. generators. It is a fact 
that only the practical result of eyclic irregularity 
with D.C. generators is a flicker “on the lights.” 


The term “cyclic irregularity” refers to the 
instantaneous maximum, and minimum speeds 
that can occur per revolution. It is usually 
stated in the form of 1 in 250, or 1 in 100, 
which means during one revolution the speed 
may reach 100-5 per cent instantaneously and 
and fall back to 99-5 per cent of the nameplate 
full speed, but the variations result in an 
overall speed of rotation equal to that which 
occurs with a steady speed of 100 per cent r.p.m. 
The strange thing is that it does not appear 
to be understood that a eyclie irregularity of, 
say, 1 in 100 does not mean only one fixed thing, 
but can have a very great number of practical 
meanings. 


Taking the elementary single cylinder single 
acting engine of 100 r.p.m. which has a flywheel 
of sufficient weight to produce a_ cyelic 
irregularity of 1 in 100, it will be seen that 
as the explosion occurs the speed rises to its 
maximum value of 100-5 1.p.m. and then the 
speed falls so that at the end of the first 
revolution the speed is about 100 r.p.m., it then 
falls to 99-5 r.p.m. over the next revolution, 
and then the firing stroke brings the speed back 
to 100-5 r.p.m. If, however, an 8 cylinder single 
acting four stroke engine is considered, with 
the same cyclic irregularity of 1 in 100, then 
four times during every revolution the speed 
is up to 100-5 and four times down to 99-5. 
Taking the matter further, with a five cylinder 
engine, there are three times during one 
revolution when the speed is up to 100-5 and 
only two in the following revolution. 


It should also be realised that this figure of 
cycli¢ irregularity applies to the worst condition, 
ie., full load; the eyelie irregularity is less on 
reduced loads as might be expected with the 
same flywheel weight. 


When alternating current generators are 
operating in parallel, the physical relative 
position of the poles of the generators is always 
the same, except for the “load angle.” Perhaps 
the easiest way to explain this phenomenon 
is to imagine that the prime mover is coupled 
to the A.C. generator through a stiff torsion 
spring, with a limit to the amount of movement. 
It will be seen that the generator can rotate at 
exactly the same speed, but the one with the 
more load on it will have a greater angle of 
twist. In actual fact, the spring is replaced by 
the magnetism or “flux” between the fixed and 
moving parts of the A.C. generator. Of course, 
instead of the engine twisting forward in 
advance of the generator with the “torsion 
spring” expanded, in practice the generator 
lags or moves behind. The amount of this twist 
in practice is about 15 to 20 electrieal degrees 
maximum for full load. To translate this into 
mechanical degrees, it must be divided by the 
number of pairs of poles of the A.C. generator. 
The reason for pairs is that a north and a south 
pole produce a complete electrical wave starting 
at nothing, rising to a maximum then back to 
zero, reversing and back to zero again. So with 
a two pole A.C. generator the mechanical 
degrees equal the electrical degrees. If the 


generator had 20 poles, i.e. 10 north and 10 
south then the mechanical degrees would be 
somewhere about 14 to 2 mechanical degrees 
for full load application. It was pointed out 
earlier that there was a fixed speed corresponding 
to the frequency or number of pairs of poles. 
For 20 poles this corresponds to a speed 300 
r.p.m. Which is within the realm of a diesel 
engine speed. It will be noted that the 
movement of 14 to 2 mechanical degrees is not 
physically large: 


The next point to note is that any pair of 
poles produce the same sort of A.C. wave, so 
it is obvious that the generators can be paralleled 
in a number of different physical positions as 
there are pairs of poles. 


It becomes therefore, a simple mathematical 
problem, in other words, assuming that the engine 
cranks are equally spaced, it is obvious that if 
the number of pairs of poles is not equal to the 
number of engine cranks, then there may not be 
a firing impulse occurring at exactly the same 
instant in space on all the generators. Taking 
the cases previously mentioned, on one engine 
the speed may be instantaneously 100-5 r.p.m., 
and on the other instantaneously 99-5 r.p.m., 
which is, of course, absurd, as the generators 
must run synchronously, and have the rotating 
parts exactly in the same relative position in 
space less the “load angle.” What happens, of 
course, is that electrically the generator where 
the firing impulse occurs takes a bigger share of 
the load and, in the limit, actually drives the 
other generator as a motor tending to speed it 
up. All this time the total external load remains 
constant on the busbars. ‘There is a limit to the 
amount of overload that an A.C. generator will 
carry. The overload capacity is about 100 per 
cent, or 30 to 40 electrical degrees; when this 
overload is exceeded the generator “drops out of 
step” or “falls out of synchronism,” and the 
actual load on the prime mover falls to a very 
low value, although very large A.C. circulating 
currents arise between the A.C. generators, or 
normally the protective gear works automatically 
disconnecting the generators from the busbar. 
This diffieulty is not one that develops in service, 
it is obviously a question of design. 


It will also be seen that as the overload 
capacity of the normal A.C. generator is approxi- 
mately 100 per cent, it limits the number of 
sets that may be run in parallel under the worst 
conditions and, is dependent upon the power 


required to accelerate other engines, unless the 
original designs of engines and alternators are 
satisfactory. 


Thus, with Diesel engine driven A.C. gene- 
rators, satisfactory parallel operation would arise 
without any flywheel at all in all cases where the 
number of pairs of poles equals the number of 
engine cranks, providing, of course, the A.C. 
generators are coupled so that the poles have the 
same mechanical relationships to the cranks on 
all the sets. Even where the number of pairs 
of poles has a prime ratio to the engine cranks 
it is possible to obtain entirely satisfactory 
parallel operation even without flywheels, in 
one particular position only, which is the A.C. 
generator poles in exactly the same relative 
position in space relative to the cranks. This 
would require considerable additional equipment 
to ensure the alternators were paralleled in the 
correct mechanical position in space. 


It should be understood of course, that the 
matter is relative, in other words, if a five crank 
engine is used with an A.C. generator having 
other than 10 poles, the amount of interchange 
of power, may not be excessive, or result in 
partial or complete instability. 


In the case of lights, resistance heating, ete. 
variations in frequency within wide limits has 
no all effect. Where, however, motors are 
supplied from an A.C. generator the 
frequency requires to be maintained constant, 
otherwise the overload capacity of the motor may 
be reduced, and equally, the motor may be 
overloaded. 


The Rules permit a prime mover driving an 
A.C, generator to have 10 per cent momentary 
variation and 6 per cent constant variation 
in speed, which in effect, may be unsatisfactory, 
even if the frequency is manually adjusted to the 
normal. Perhaps an example may indicate the 
possibilities. Assuming an induction motor 
driving a centrifugal fan or pump with a cube 
law load characteristic, and which in accordance 
with the rules for motors, is to have a 100 per 
cent momentary excess torque capacity, if the 
motor is running a full load, and the remaining 
load on the A.C. generator trips off, with 10 per 
cent speed rise, the motor is overloaded 35 per 
cent, even without the accelerating torque which 
itself may be of the order of 50 per cent of 
full load. It is apparent, therefore, that 


with A.C. the governor regulation should be 
better than 10 per cent momentarily and 6 per 
cent permanently, and accordingly the effeet of 
misfires, partly chocked injectors ete., will cause 
considerably magnified results than with direct 
current generators. 


In short, speed or frequency is of prime 
importance with alternating current generators, 
and with direct current generators it is not so 
important, as the electrical characteristics 
of the D.C. generator can take care of governor 
regulations of the prime movers, far in excess 
of the limitations of the rules. 


With A.C. generators, two factors apply, 
the one that the voltage shall be correct from 
the light, heating ete. point of view and the 
other that the frequency or speed shall be 
constant from the motor point of view. 
Therefore, the prime movers must operate at 
specific speeds set by the frequency. 


With D.C. generators the only controlling 
factor is that of voltage, from a generator which 
can be designed to suit any engine speed. 


A prime major objection to A.C. supply, is 
that the frequency is fixed initially in the design 
stage, and no matter what difficulties are 
encountered, such as poor parallel operation, 
difficulties as the result of the fixed speed 
resulting from fixed frequency or mechanical 
Vibration problems, no departures from the 
fixed frequency ean, in general, be made after 
the apparatus is installed on board. 


SYNCHRONISING OR PARALLELING 


Considerable attempts have been made to show 
that the paralleling or synchronising of A.C. 
generators, by the actual closing of the switch, 
is a disadvantage as compared with direct 
current. The physical act of synchronising or 
paralleling of generators is a fairly simple 
operation. The great disadvantage of A.C. is 
the time required and method employed to bring 
the generators to the position for 
synchronising. 


correct 


In the case of direet current, the only control 
required is the shunt field rheostat of the 
generator. This rheostat is always mounted on 
the switchboard so that all corrections required 


for paralleling are made at the switchboard 
itself, and no attention is really necessary to the 
prime mover speed. 


The great disadvantage of A.C. is the 
necessity for control of the prime mover 
governor, and one is faced with the fact of some 
form of synchronising electrical apparatus on the 
switchboard which is necessary for satisfactory 
closing of the electrical switch, and yet the 
means of adjustment of this synchronising device 
is, in practically all cases, at the prime mover 
itself. It will be appreciated that without a 
considerable amount of additional apparatus 
from that now required by the Rules, or as fitted 
on board, the raising or lowering of the engine 
speed in order to get the synchronising device 
in the correct position can only be done by word 
of mouth or signalling from the switchboard to 
the control on the prime mover. It connot be 
said that either the noise of the main engines, or 
the limited visibility in an engine room, or the 
condition of the prime mover after some time in 
service, are conducive to satisfactory synchro- 
nising’ especially in emergency conditions. 


Perhaps it would be as well to pursue the 
matter a little farther. Prior to synchronising, 
or paralleling, the prime mover is running on 
no load, and as soon as the paralleling switch 
is closed with the D.C. generators then load 
is placed on the generator merely by turning the 
shunt field rheostat, and it does not matter what 
the relative engine speeds are. 


In the ease of A.C. generators, the one 
already on the busbars must be running at the 
specified frequency. Now on synchronising, the 
incoming generator must be driven at a speed 
close to that on the busbars, usually a little 
faster. The degree of this fastness, however, 
is small and dependent upon the rate of change 
in the synchronising device. In practice it is 
about the equivalent of 10 to 20 operations 
of the synchronising device per minute. 
Moreover, after the synchronising switch is 
closed, the governors on the prime movers on 
all the generators have to be adjusted in order to 
share the load between the generators and also 
keep the correct frequency. Once again it will 
be seen that in the normal engine room, 
considerable ingenuity is required to adjust 
the governors of all the engines, with the 
register of the load an electrical meter on the 
switchboard, to obtain satisfactory load sharing 
at the right frequency. 


VOLTAGE 

In the case of direct current the voltage is 
adjusted by a rheostat on the main switchboard. 
Moreover, the characteristics of the generators 
are such that all subsequent variations in load, 
in the case of compound wound generators, 
cause no appreciable variation in voltage, 
either due to changes in load or speed of the 
prime movers. With shunt type D.C. 
generators there may be a variation up to about 
20 per cent due to changes in load and variations 
of speed due to the governor characteristics. 


In the case of alternators, in all cases it is 
necessary to produce a direct current to provide 
the excitation. This necessitates the use of an 
exciter with a commutator, so it will be seen that 
the use of A.C. does not eliminate the 
commutator. Moreover, the position is worse 
than might be expected. In the first place, if 
the exciter is direct driven, it is relatively large 
on account of the slow speed, and the overall 
length of the combined alternator and exciter 
becomes greater than the direct current generator 
of the same capacity. It is common practice to 
overhang the exciter and eliminate the outboard 
bearing in order to shorten the overall length. 
Of all commutators, such overhung types are 
by far the worst for maintenance and poor 
commutation. This is due primarily to 
mechanical causes. It will be appreciated that 
the bearing on the alternator has to be of 
sufficient size and with a corresponding running 
clearance. As a result, the rise and fall of the 
shaft in the bearing, causes similar or maybe 
inereased movement of the overhung exciter 
commutator. Alternatively, the exciter may be 
reduced in size, and inereased in speed, by some 
form of drive from the main alternator shaft. 
This latter type of drive requires considerably 
more maintenance and is not so reliable as the 
direct drive. In addition to the physical movement 
of the commutator in the overhung exciter, it 
must be remembered that the exciter is supplying 
an “inductive” load in the field winding of the 
alternator, and consequently, the possibility of 
detrimental sparking frequently exists. As 
mentioned previously in the case of direct 
current, the engine governor characteristic is 
taken into account in “compounding” the 
generator. With alternating current the 
frequency must be maintained constant. There 
is no doubt that considerably more attention to 
the prime mover speed will be required with 
A.C. In most eses the alternator cannot be 


directly compounded for speed and load if the 
alternator is designed to keep the voltage 
variation with load as small as possible, it 
becomes large, and expensive, but what is far 
worse is that in the event of a short circuit 
on the alternator, the short cireuit current and 
possibility of damage are correspondingly 
increased. The usual practice is to make the 
alternator with a poor regulation of the order 
of 30 per cent variation between full and no load. 
Necessarily, a voltage regulator to maintain 
constant voltage must ‘be used. The regulator 
causes an automatic variation in the current 
flowing through the D.C. excited coils on the 
alternator. In general, the regulator has a 
basie reference, such as a spring, against which 
the voltage is matched. ‘There is no possible 
doubt that many regulators which have given 
every satisfaction on land installations, are 
insufficiently robust for marine service. In any 
case, no matter what type of regulator is 
employed, it is hardly possible to imagine it 
will continue to operate without attention and 
skilled overhaul, throughout the life of the vessel. 
As a matter of fact, some regulators are 
sealed and repair can only be carried out by the 
makers themselves. Moreover, it is unlikely 
that a regulator, of any sort, will give any 
indication that it is on the point of becoming 
faulty. As soon as the regulator fails the 
voltage will rise to a considerable value unless 
one further “gadget” such as an overvoltage 
relay is installed. It is also worth noting, that 
if a voltage regulator is installed, then the 
effects of a short cireuit or electrical fault in 
the electrical installation may be considerably 
worse, 


In accordance with the Rules for Electrical 
Equipment, a maximum voltage of 500 for 
direct. current and 440 for alternating current 
are permitted. It is understood that 500 volts 
D.C. have never been used for the electrical 
installation on board ship. Electricity was used 
originally as an alternative means of providing 
light. It is impossible to store alternating 
current but direct current’ can be stored. 
Mechanically, the first electric lamps did not 
have a strong filament, and 110 volts D.C. was 
about the best compromise. Even today, the 
mechanical strength of a filament would not be 
such as to make voltages higher than the normal 
250 volts of much use. When electrical power 
for motors ete. was required, it was found 
advantageous ‘to increase the D.C. voltage in 


order to reduce the eurrent and size of the 
copper conductors. However, as the lamp 
voltage limitation is still about 250 volts, and 
as it is impossible to transform one D.C. voltage 
to a higher voltage except by rotating machinery, 
voltages above 250 volts D.C. have not been 
used on board. With A.C. such limitations do 
not exist. 


The main reason why alternating current 
instead of direct current is used on land, is 
mechanical. It is impossible mechanically to 
build commutators big enough for the powers 


required. The other main reason is the difficulty 
of inereasing the D.C. voltage over that 
generated, whereas with alternating current 


the transformation is simple. 


It is a fact that no electrical installation on 
board any vessel so far built, has been of such 
a size that due to mechanical reasons it had to 
be A.C. and not D.C. Although it varies some- 
what with the different makers, there is a definite 
demarcation line where the cost of a direct 
coupled steam turbine alternator equipment, is 
less than a geared turbine alternator installation. 
It is usually far better from efficiency and steam 
conditions, to run the turbine at, say, 8,000 
r.p.m., and as a gear reduction as necessary in 
any case, the speed is normally reduced down 
to one at which a salient pole type of alternator 
is sufficient. This change over point in cost ete. 
oceurs about a 1,000 kW. alternator. The 
foregoing remarks naturally apply to a steam 
turbine set, as a diesel engine prime mover 
itself sets the limit of speed and not the 
electrical machine. 


It is well to try and determine the possibility 
of the maximum A.C. three phase voltage 
bearing in mind the limitations of 150 volts to 
earth for lighting. 


First, however, it appears necessary to 
emphasise the warning, never on any account 
take any risks with even 150 volts A.C. It is 
far better to carry a small voltmeter or a neon 
pocket indicator’ and test a terminal before 
touching or meggering any A.C. cireuit. The 
effect of 150 volts A.C. is about the same as 600 
volts D.C.; it may be fatal. 


It is improbable that a single phase generator 
will be installed on board, as they are noisy, and 


there is a continuous out of balance force, 
necessitating relatively large bearings. 
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Consequently, the matter becomes one of a three 
phase generation. It is only on a few of the 
largest sizes of passenger vessels, and the pump 
motors of large tankers, that the question of 440 
volts three phase will arise. In most installa- 
tions therefore, as advantages exist, A.C. 
generators would be wound to give 230/250 
volts where power and lighting are supplied. 
As on land fluorescent lighting installations 
contain their own step-up transformers as the 
initial supply almost invariably 230/250 
volts. 


is 


SWITCHBOARDS, ETC. 


Where the supply is 250 volts, or below, the 
switchboard ete. will appear similar to the D.C. 
board .except for a few extra switches and 
instruments. 


Above 250 volts, in particular, the switch- 
board, so called, may differ considerably from 
a D.C. board. It is well to emphasise, once 
more, that arrangements proved satisfactory 
on land, may be far from satisfactory at sea. 
For example on land a switchboard is often 
built up of “truck type” gear, but whilst even 
on land “hot contacts” still oceur occasionally, 
there is little doubt this trouble would oecur at 
sea due to movement and working of the vessel. 
Instrument transformers quite satisfactory on 
land may fail at sea due to chafing of the coils 
owing to mechanical movement. 


From time to time, statements have been made 
about the difficulty of synchronising A.C. 
machines compared with the paralleling of D.C, 
machines In actual fact, of course, there is no 
more difficulty in the one operation as compared 
with other from the electrical point of view, and 
bearing in mind the type and size of the machine 
involved. There is more difficulty in getting 
the prime mover driving an alternator, to the 
right speed for the synchronising to take place, 
but when that is done, then in fact there are 
certain advantages with A.C. For example, 
there is no doubt some breaker or other would 
trip or fuse would blow if the D.C. machines 
were paralleled with say 20 volts difference. 
With A.C. generators even 20 volts difference 
would not cause any breakers to operate upon 
synchronising. * 

There is, however, a very important 
difference between the A.C. and D.C. generator 
as regards the amount of power that a cireuit 


breaker or fuse may have to interrupt. It would 


appear that much of the information regarding. 


the flash-over capacity or effeet on D.C. machines 
seems to have been forgotten. In the case of 
any D.C. machine of the non-compensated type 
of normal design, with say an armature 
reaction of about 450 ampere turns per inch 
of armature periphery and with an average 
voltage of about 15 volts per commutator bar, 
then if an overload of say 200 per cent is 
suddenly applied it will flashover between the 
brush arms. The more the load already on the 
D.C. machine before the overload is applied then 
the less than 200 per cent overload, suddenly 
applied, required to cause the flashover. 
It is well to emphasise it is no use setting 
a cireuit so that the possible short circuit is 
limited by a resistance, as the effeet is then 
changed. In other words, the conditions must 
be similar to those which exist in service when 
a short cireuit suddenly occurs. If the 
commutator did not flashover, then the short 
cireuit current would be many times greater than 
200 per cent overload. It will be understood, 
therefore, that no matter what fuses or circuit 
breakers are used with D.C. generators, there 
is the inherent safety device of flashover at the 
commutator, 


is 


In the case of A.C. generators no such “safety 
valve” is present, and in consequence the fuses 
and cireuit breakers have to be eapable of 
clearing any fault. 


The D.C. generators are self excited so that 
the voltage on the excitation field falls to a very 
low value on short cireuit, Whereas in the case of 
an A.C. generator the excitation would be 
increased due to the voltage regulator reacting 
on the execiter supplying the alternator. 


There is no doubt, however, that some difficulty 
will arise in “setting” the load and current on 
alternators running in parallel, such difficulty 
of course being entirely absent in the case of 
D.C. generators. In the first place the load 
sharing between the alternators, even assuming 
that no difficulty exists due to the sizes and 
ratios of prime mover impulses to number of 
generator poles is dependent directly on the 
sensitivity of adjustment of the prime mover 
governors. "The second difficulty is the facet 
that the amperes shown vary with power factor. 
Thirdly, it has already been mentioned that 
single phase generators will not be used and 
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with three phase generators, single phase 
supplies will be used with possible out of balance 
both in current and watts on the three phases of 
the generators. 


It will also be apparent that the effect of 
power factor and current on A.C. eireuits. will 
cause more difficulty in regard to such things 
as “preference tripping,’ ete., or other items 
which operate on over current. ‘Reverse 
current,” of course, cannot be used on three phase 
cireuits, and reverse power protective devices 
normally require about 30 per cent of full 
load reverse to be reliable in operation. 


MOTORS 


One of the main arguments for the use of A.C. 
instead of D.C. is based upon the statement of 
reliability, weight and cost of the induction 
motor, and it is well to examine the position as 
carefully possible. All induetion motors, 
both single and three phase, have small air gaps 
and semi-closed slots for the A.C. windings. 
The small air gaps mean that ball and roller 
bearings are practically imperative for the sizes 
of motor on board ship. When the smallest 
amount of wear takes place the subsequent rate 
of wear is much quicker than with the D.C. 
motor. Moreover the clearance of the ball 
bearings used on board must be chosen to suit 
the full range of operating temperatures from 
the arctie regions to the tropies; and it is 
impossible, therefore, to use a _ grade of 
clearance which is the most satisfactory for one 
area only. It might be mentioned that ball 
bearing clearances are sometimes graded “O”, 
“OO” and “OOO.” Usually one grade of ball 
bearing used on D.C. machines and no 
difficulties have arisen. 


as 


is 


The next point is that owing to the semi- 
closed slots it is necessary, during winding, to 
feed every individual wire through the gap in the 
slot, whereas with D.C. motors the coils may 
he machine wound separately and the coils are 
placed easily in the open slots used. In the 
majority of motors used on board, the conductors 
will be double cotton covered (D.C.C.) which is 
the same insulation used on a large number of 
D.C. motors. If, therefore, as can be expected, 
440 volts, three phase generators are used, then 
correspondingly three phase motors will be used, 
and the peak voltage between phases will be 
about 625, compared with the maximum 
voltage of 250 on the D.C. motors. 


as 


Cost and weight are stated to be dependent 
upon two main items, namely the temperature 
rise permissible and the speed. 


There is not the slightest doubt that the 
induction motor has been brought to a stage of 
near perfection and is the designer’s ideal. 
If the temperature rise permitted is 40° C., 
then about 95 per cent of the induction motor 
can be expected to be just about 40° C. rise. 
This has been accomplished entirely by the most 
efficient air cooling. Naturally if the amount 
of air is reduced the motor gets “hot”, and, quite 
rightly, the designer says it was not designed 
to operate with reduced air. An engine room 
of a ship is not generally conducive to the 
maintenance of the air passages of an electric 
motor in their original pristine glory. 


Exeept for the fractional horse power single 
phase motors, the three phase motors will be 
required to drive apparatus direct. Nowadays, 
most of this apparatus is of the centrifugal type, 
such as fans, pumps, ete. Uufortunately for 
economic and other reasons, the best speed of 
the centrifugal apparatus is round about 2000 
r.p.m. With 50 cycles A.C. supply synchronous 
speeds are about 3000 then 1500, but with 60 
eyeles the speeds are 3600 and 1800. 


Usually where variable speeds are required, 
the total range is less than 20 per cent. With 
D.C. motors of course, it merely entails variation 
in the shunt field current. In the ease of A.C. 
supplies one prime difficulty is to provide an 
easy means of speed variation on the motors. 
Really the position is somewhat humorous, as 
one of the main reasons given for the use of A.C. 
is elimination of those awful things called 
commutators. There are perfectly satisfactory 
A.C. motors which can be used to provide 
variable speed, but they are fitted with 
commutators. Some types can be connected 
straight to the A.C. supply without any starting 
resistances and, what is more, without taking 
more than full load current to start. The speed 
control is smooth, and, in fact, in this: respect, 
is even superior fundamentally to the usual 
resistance control on D.C. motors. The writer 
is familiar with one A.C. power station where 
the ID fan motors are three phase commutator 
motors which have required practically no 
maintenance for about 10 years, and are still 
in excellent condition. But of course these A.C. 
motors weigh more and cost more than their 


D.C. counterparts. 


The next argument usually employed in 
regard to the induction motor, is the elimination 
of control starting resistances by using squirrel 
eage motors. Of course the fact that upon 
starting the motor may draw about 6 times full 
load current is not emphasised. When this 
point is raised, then various alternatives are 
suggested to avoid this trouble, such as star 
delta starting, double or treble squirrel cage 
motors ete., which all result in increased cost 
and weight. It must also be remembered that 
this starting current of the ordinary induction 
motor, limits the size of motor ‘that can be used 
with the normal alternator. Moreover if the 
voltage drop of 6 per cent on full load occurs 
at the motor terminals, then on six times full 
load a voltage drop of 36 per cent will oecur 
which could mean ‘that less than full load torque 
is available. 


Most of the arguments are based on the results 
obtained from the usual commercial standard 
land induction motor. 


Really the position is something of a vicious 
cirele. As far as the centrifugal apparatus is 
concerned, it is always possible to vary the 
output by throttling at more or less constant 


speed. Of course this results in a reduction of 
efficiency as far as the induction motor 


drive is concerned so the arrangement is not 
generally suggested as a method of control. 


In the ease of D.C. motors there is no doubt 
that the marine type of motor is far more 
robust than the normal land type. Experience 
for many years has shown the reliability of the 
D.C. motor. 


For some time there has been a number of 
suggestions that the permissible temperature 
rise of electrical motors and generators can be 
safely inereased, and thereby reduce the 
size and cost. The chief cause of these 
suggestions is due to the new type of insulation, 
e.g. silicone, glass tape ete., which will withstand 
higher temperatures. It can only be assumed 
that it is either wishful thinking, or ignorance, 
that produces these suggestions without sufficient 
data to support them. In general the usual sort 
of evidence provided is that such and such a 
motor has run for 20 days or more at a 
temperature of 200° ‘C. without failure of the 
electrical insulation. Whilst it is granted this 
test shows the insulation ¢an withstand high 
temperatures, the problem is not one of 


insulation, but the effect of repeated heating and 
cooling on the mechanical construction. It 
would be much more useful if test data were 
provided of a motor which had been taken up 
to 200° C. and down to freezing point a 1000 
times. How on earth it is possible to take a 
standard squirrel cage induction motor with an 
air gap, of say, 0-02 inch and start it up in 
freezing conditions, and next say in the Red Sea 
in summer, and with a temperature rise of only 
100° C., and still maintain grease in the bearings 
is somewhat difficult to understand, Even with 
present temperature rises shafts on squirrel 
cage rotors have been known to bend, and no 
doubt, as shown by bitter experience, even ‘the 
permitted temperature rises on propulsion 
motors do not ensure that insulation on the core 
plates will remain unimpaired due to repeated 
heating and cooling and slackening of stator 
laminations. 


Perhaps this position regarding the difference 
in cost ete., if higher temperature rises were 
permitted might be clearer, if mention is made 
of some actual results of attempts to obtain this 
position. If the insulation used on the normal 
design of a D.C. generator with a rotor of 30 
inches diameter were reduced by 25 per cent, 
the actual saving in manufacturing cost would 
be less than y \), of the cost of the armature, 
and certainly the reliability would be impaired. 
If the armature core were increased by 13 inches 
in length then the output from the generator 
would be 13 per cent greater, whilst the 
manufacturing cost would be about 8 per cent 


greater. Manufacturers normally increase core 
length in certain specified amounts, and also 
diameter increase only in certain specified 
amounts. In only a few ceases would the 


apparent saving in cost due to permitted higher 
temperature rises be greater than the change 
to the makers’ next standard length. 


Broadly speaking the position is that the 
speed required and the voltage fix the number 
of conductors on the armature and all that the 
horsepower or kilowatt do is to fix the cross 
section of the conductor. In other words, in 
the case of the normal run of variable speed 
motors on board ship, the motor is eapable of 
full current in the armature at all speeds, within 
the variable speed range. It does not really 
make a motor any smaller or cheaper to reduce 
the relative output required at the lower speed. 
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TRANSFORMERS 


In accordance with the rules the permissible 
voltage for lighting and socket outlets is not 
to exceed 150 volts to earth, and 250 volts for 
heating and cooking on A.C, circuits. 


It has never been suggested that D.C. 
generators should be replaced by single phase 
A.C. generators and it is very unlikely it 
would be suggested. Again it is not likely 
that a three phase 150 volt A.C. generator 
would be proposed on account of cost and 
weight and other difficulties as compared with 
D.C. 


Neither is it likely that a 250 volt three phase 


A.C. generator would ‘be proposed — with 
transformers to provide 115 volt lighting. The 


more obvious proposal would be a 200 volt three 
phase A.C. generator with 115 volts line to 
neutral for lighting. But of course the 200 
volts would not be very satisfactory for 250 
volt heating. 


Tt will be seen therefore that whilst lamps ete., 
are made for about 115 volts, A.C. generators 
will apparently be 440 volts three phase. In 
other words it is not the power or motor 
requirements which are the limit but the lighting 
and heating voltages. 


Assuming therefore 440 volt A.C. generators, 
transformers will be used to produce the 115 
volts required for lighting whilst the heating 
would be supplied direct from line to neutral. 


These transformers will be an entirely new 
addition to the eleetrical equipment on board. 
For various reasons the transformers will be 
placed as near to the centre of the lighting as 
possible. 


One would not expect that oil immersed 
transformers would be used, but air cooled 
tranformers are both heavier and more costly. 
The use of transformers will require a new 
technique. The losses, although relatively small, 
will have to be dissipated somehow, but the chief 
point which seems to have been overlooked is 
the question of noise. On land, with a ‘three 


phase transformer, all sorts of — special 
arrangements are made, even when — the 
transformer is entirely isolated in its own 


substation, ‘to avoid the complaints about noise 
“hum”. It would appear that more than 
normal ingenuity would be required to avoid 


or 


the 50 cycle or 60 eyele “hum” from a single 
phase transformer, placed anywhere within the 
accommodation of a passenger ship. 


The weight, cost, and efficiency of the 
transformer should of course be debited to the 
A.C. generator in any comparison with D.C. 


CABLES 


Iaghting and heating are, in the main, unity 
power factor loads, so the A.C. cables for them 
will be, to all intents and purposes, the same 
copper section, weight and cost or rather in 
many cases the A.C. cables would be slightly 
more expensive due to the 115 volts as against 
250 volts with D.C. 


The only possible saving on cables therefore 
would be when three phase cables could be used 
instead of the two D.C. cables. The writer is 
not prepared to speculate on how long, or if 
they would be cheaper, but there is no doubt 
of one thing, that today, it is far cheaper to 
spend money on material and reduce the labour. 
It seems unlikely that the cost of making three 
phase connections as compared with two on 
D.C., will result in any overall saving. 


CONCLUSIONS 


1. Where lighting only, or lighting and heating 
only are supplied, there is no advantage but 
rather there are considerable disadvantages in 
the use of A.C. as compared with D.C. 

2. Where motors are supplied as well as 
heating and lighting, the permitted voltages 
for power and lighting would generally result 


in three phase 440 volt generators with 
transformers for the lighting circuits. In other 
words, the voltage limitations are not 


advantageous for a change from D.C. to A.C. 


3. There has never yet been, and in all 
probability, never will be, a ship’s electrical 
installation of such a capacity, that from 
mechanical considerations, it is only possible 
to use A.C, 


+. There is far more difficulty in maintaining 
and loading satisfactorily the prime movers 
driving A.C. generators than those driving D.C. 


generators. In general, reciprocating steam 
engines are unsuitable for driving A.C. 
generators; diesel prime movers may cause 
electrical difficulties and would require con- 


siderably more maintenance when driving A.C. 
generators than D.C; with steam turbine prime 
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movers of course, direct driven D.C. generators 
are not so good as A.C. due to mechanical 
limitations of D.C. commutators, but this 
detriment is avoided if gearing is used, and as 
previously pointed out, there are very few cases 
where direct coupled turbo alternators would 
be used for auxiliary supply. 


5. Contrary to so many statements which have 
been made, there is no more difficulty in the 
actual synchronising or paralleling of A.C, 
generators than D.C. generators. The difficulty 
with A.C. generators is the adjustment of the 
prime mover speed in order to bring the A.C. 
generator to the right position for synchronising. 


6. There are perfectly satisfactory A.C. motors 
with variable speed capabilities, but, of course, 
they are provided with commutators. Otherwise 
speed regulation with A.C. is not easy or cheap. 


7. In order to achieve any equality in weight 
with the D.C. counterpart, the frequency of A.C. 
installations must be about 60 or somewhat 
greater. 


8. Inherently there is more danger with A.C. 
than D.C. In the first place it is more dangerous 
to life, and in the second place there is more 
danger of fire or disruption. As already 
pointed out in the ease of D.C. there is the ever 
present safety valve of flashover at the 
commutator. In ‘the case of A.C. all the 
interrupting devices must be capable of their 
full duty as there is no relief from the A.C. 
generator. For example if 440 volt A.C. 
switchgear is required, it will have to be totally 
enclosed in a so-called “dead front” type. This 
type of switchgear is not airtight and the only 
atmosphere of many engine rooms may be a 


source of danger due to vapour in the 

switchgear enclosure. The “short circuit 
. ” . ” . 

capacity of the A.C. generator remains 


unchanged throughout the life of the machine. 
Consequently, throughout the life of the ship 


the circuit breakers, fuses, ete. must be 
maintained at their original interrupting 
standard. It will be really dangerous with A.C. 


installations to make even temporary modi- 
fications to any fuses, protective or interrupting 
devices. 

In this regard there is one aspect of A.C. of 
which no information is available. It must be 
remembered that the hull of steel, and 
although the cables are so arranged that the 
effect of current is “balanced”, this condition is 
modified under fault conditions. It may well 


is 


be found therefore, that fault conditions on 
hoard ship, due to the inductive effect from the 
steel hull, may be considerably worse even than 
on land, especially as the load is so close to 
the generators. 

more maintenance the 
especially the governor gear, 
will be required with A.C. generators. The 
“wear” which can be satisfactorily tolerated 
with prime movers on D.C. generators cannot 
he permitted with those driving A.C. generators. 


9, Considerably 
prime 


on 
movers, 


10. It is to be expected that more electrical 
failures will oceur on the cables subject to higher 
peak voltages of A.C. and due to the ageing 
which may occur in the insulation. 

11. There is no distinet increase in efficiency 
using A.C. as compared with D.C. 

12. There is no distinct advantage in regard 
to weight of installation, no matter whether 
A.C. or D.C. is used. 

13. There is no distinet saving in cost of the 
complete electrical installation between A.C. 
and D.C, 
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15. As far as maintenance is concerned, there 
is no doubt the main objection to D.C. is the 
maintenance of commutators. The reasons for 
the difficulties, from the machine point of view, 
have already been explained. However, it must 
he stated that a great lack of information is 
evident in regard to the use of a commutator. 
The facet that a commutator is grooved, is not of 
the slightest moment, provided that there is no 
endplay. It is quite wrong to machine a 
commutator surface beeause it is grooved if there 
is no endplay. In general a grooved 
commutator Wears much less than the original 
surface. It is probable that there may be less 
overall maintenance on some types of A.C. 
motors than on D.C. motors, but it is unlikely 
that the total amount of maintenance on an A.C, 
installation will be even equal to, let alone less 
than, a D.C. installation. 


It is to be expeeted that an A.C, installation 
will have to be maintained nearer to its new 
condition than a D.C. installation or in other 
words, it is diffieult to visualise an A.C. 
installation which will last the life of a vessel 


14. The possibility of voltage variation is without more major overhaul than a D.C. 
greater with A.C. than D.C. installation. 
PROPULSION 


It is a strange thing but when the question of 
A.C. or D.C. for propulsion arises, it is rarely, 
if ever, that the question of the wear of the 
commutators is brought forward. The reason 
of course is that there is little or no trouble with 
commutators on these larger generators, where 
the prime mover is other than a turbine. 

The limitations on D.C., for propulsion, are 
basically mechanical, and consist in the 
permissible voltage, and the mechanical stress 
in a commutator. Although many commutators 
are built for operation at 3000 volts D.C. they 
are hardly normal, and particularly from the 
flashover point of view. The normal voltage 
limit, is approximately 650 volts. 

The other mechanical limit, is the shaft 
height possible, and as far as the D.C. motor is 
concerned, this limit, having regard to power, 
is about a 12 foot diameter armature. There 
is, however, another mechanical limit, which is 
a question of design, for up to a diameter of 
armature of about 64 feet the section of the frame 
required for magnetic reasons is stiff enough 
mechanically. Above this diameter of armature it 
has to be stiffened for mechanical reasons. 


Within the foregoing limits, therefore, the 
added manceuvrability and ease of bridge 
control, are deciding factors in the use of D.C. 


Wherever the main power required necessitates 
the use of turbines, there is no question that A.C. 
is superior and in fact D.C. is detrimental. 


Unlike the electrical distribution on a vessel, 
propulsion is much more bound up with 
technical and design considerations than the 
overriding cost and weight. There is a much 
more definite dividing line between A.C. and 
D.C. so far as propulsion is coneerned, but 
installations have been made which fall on the 
wrong side of this line, often due to commercial 
reasons. 


THE PROPELLER 


A propeller is stated to have a “characteristic”, 
but before delving a little into that subject it 
would be as well to look into a property which 
is characteristic of propellers on a vessel. 


Every shaft or piece of steel becomes 
magnetised. The second important point is that 


the electrical resistance per unit area of surface, 


between a propeller and sea water, is 
considerably more than that between one unit 


area of steel and another. 


With a propeller shaft of a certain diameter, 
however, there exists a propeller with a surface 
area many times the cross sectional area of the 
shaft and, in fact, the total surface resistance 
may be less than the shaft resistance. 
Consequently, propeller shafts are a very good 
conductor for electricity, due to the contaet area 
of the propeller. Accordingly, there is always 
the tendeney for any electric eurrents to flow 
down the propeller shaft and then back through 
the sea water to the hull plates. In particular 
during construction or fitting out, when electric 
welding is taking place, eleetrie currents may 
oceur which flow from the propeller where on 
account of the area, the density and pitting are 
low, but at certain positions on the hull 
considerable corrosion oceurs. It is also the 
reason why the practice of hanging a steel plate 
over the stern, with connecting cables to the 
deck above, prevents the corrosion on the hull 
plates during fitting out. It also explains why, 
if the plate is hung forward, it does not prevent. 
corrosion.. Incidentally of course, there 
absolutely no need to use large cables between 
the plate and the hull; in fact a cable capable of 
100 amperes, is probably more than large enough. 
What is most important is that the contact drops, 
between the cable and the plate and deck, are as 
low as possible. 


is 


The next point is, that every steel shaft 
becomes magnetised, and if it is rotated, a low 
voltage usually less than about 0-5 volts is 
produced. It is this voltage which causes most 
“Shaft” currents, and is just as liable to oceur 
no matter what the prime mover is. 


The propeller and shafting ete. are subjected 
to these two effects. In the first place it is 
merely a question of good conduction to the sea 
for any leakage from the ships electrical 
installation. In the seeond it is the result of 
voltage induced by the shaft rotating causing 
electric currents which may flow back via the 
stern tube and/or the propeller. These “shaft” 
currents cannot be eliminated by “shorting” the 
shaft with copper bushes. The only positive 
way is to arrange an opposing voltage. 


It is obvious that the driving member is 
subjected ito the loads imposed by the propeller. 
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It is also obvious that the propeller must follow 
in part the usual law for centrifugal devices. 


If an electrie motor is used for driving the 
propeller the “propeller characteristic” may be 
of first importance. Really the propeller 
characteristic is only important when the vessel 
is moving through the water. Furthermore, it 
can be said that with D.C. propulsion the 
“propeller characteristic” causes no difficulty, 
and in facet can be entirely neglected. 


This much maligned “propeller character- 
istie”’, which the pundits emphasise, is rather 
peculiar. It is stated that when a ship is moving 
through the water, if the propeller is reduced in 
speed, then at some particular speed the torque 
required begins to inerease again, rises to small 
peak, and then starts to fall again. 


This “property” was first really emphasised 
or “discovered” when an A.C. propulsion 
installation was placed on board an American 
vessel. In fact on turbo electric vessels the 
speed of the turbine is usually reduced to around 
30 per cent speed first, when manceuvring is 
required, A cinema film was taken of the 
electric meter readings during manceuvring, and 
the results interpreted gave this peculiar 
“hump” in the propeller characteristic. 


Since that time, cinema films have been taken 
of D.C. propulsion equipments, and strangely 
enough, there is no “hump” in the propeller 
when driven by a D.C. motor. 


It might also be mentioned that in a “eonstant 
current” or what more, on a_ controlled 
constant current propulsion system, it is quite 
easy to stop the propeller merely by reducing 
the field of the propulsion motor to zero. 


is 


There is no doubt that on the A.C. propulsion 
equipments the readings of the electrical 
instruments indicate a “hump” of some sort, but 
on D.C. the “hump” seems to have disappeared. 
Whilst the writer is unaware of any installation 
where a direct comparison has been made using 
the same propeller with both A.C. and D.C. 
motor drives, it is rather strange that all the odd 
propellers have been driven by D.C. motors. 


The fact is, of course, that the behaviour of 
all electrical machines under varying flux and 
speed produces some very peculiar results. It 
is possible during manceuvring to see a normal 
D.C. generator running at full speed with full 


voltage across the shunt field and no volts across 


the armature. The difficulties due to “snap” 
or sudden reduction and reversal of the residual 
flax in a D.C. machine, are very obvious on 


constant current systems. 


However, no matter what reason is given for 
the “hump” in the electrical reading of an A.C. 
propulsion equipment the fact is it is of great 
importance so far as mancuvring is concerned. 
Practically all propulsion motors operate as 
induction motors during the major part of the 
manoeuvring eyele. Until the frequency of 
supply is reduced to about 30 per cent of full 
load frequency there is insufficient torque 
available in the induction motor to get it over 
the “hump” in the propeller characteristic, no 
matter what this may be due to. What does not 
appear to be realised, is that quicker and better 
reversing would arise if the generator prime 
mover speed were reduced almost to standstill, 
if necessary, during the maneuvring period. 


Somewhat like the electrical installation on a 
vessel, where diesels or reciprocating steam 
prime movers are used, no advantage appears 
to acerue from the use of A.C. as compared 
with D.C. Where the prime mover is a steam 


turbine there is no doubt that A.C. is far 
superior to D.C. With a gas turbine the 


installation will have to be judged on its merits, 
which broadly speaking will mean that, owing 
to the power required it is impossible 
mechanically to use D.C. generators. It may well 
be that alternating current generation with some 
form of grid controlled rectifier to give D.C. for 
the propulsion motor is the solution. 


Several D.C. and only one A.C. exhaust 
propulsion installations have been made. In all 
these cases, of necessity, the prime movers were 
turbines. There doubt the D.C. 
installations were easier to handle. 

Slip couplings were first installed a few years 
ago on board ship, principally with the idea of 
coupling one or more higher diesel 
engines, through gearing, to a propeller shaft. 
As many as four engines have been so connected 
to one propeller shaft. One of the chief 
advantages of the slip coupling, is that it does 
not transmit any appreciable torsional vibration 
forees to the gearing. 


is no 


speed 


Constant current or controlled constant 
current has been fitted to a variety of small 
craft. It is possible to build a D.C. generator, 
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which itself will maintain approximately 
constant eurrent, and many such generators 
have been fitted to excavators ete., where stalling 
of ‘the bueket ete. may occur. The disadvantage 
is that controlling foree maintaiming constant 
current, is the shunt field across the generator 
armature and there is no “forcing” effect as the 
field volts obviously equal the armature volts, 
in the constant current cirewt. 


The usual arrangement is to use an execiter 


to supply the generator field. The exciter is 
generally capable of giving 2 to 3 times the 


normal voltage, so that the main generator field 
is foreed, and a more constant current 
maintained. 


It will be realised, that the speed of reversal 
and the variations in the torque of a propeller, 
are relatively very slow. Unfortunately, and it 
is really deplorable, several installations have 
been made with a special form of exciter which 
has enormous and rapid response. So much so, 
that it is too fast and has to be slowed down. 
A normal straightforward three winding exciter 
is ideal for the control of propulsion constant 
current cireuits. It is sufficiently fast enough in 
operation, and avoids all that instability due 


to special exciters of more rapid response. 
With constant current, the main current is 
constant, even at standstill; with controlled 


constant current, the eurrent remains constant 
at a particular value corresponding to the 
controller, or in other words, when it is desired 
to alter the speed of the propeller the “constant 
current” is altered to some other setting. Unless 
the controller then changed, the current 
remains constant at the particular setting no 
matter what variation there in propeller 
torque. 


is 


is 


MANCQUVRING 


Because of efficiency, overload torque capacity, 
ete., nowadays A.C. propulsion motors are 
normally of the synchronous type, i.e. they run 
at an exact and definite proportion of the prime 
mover speed. The “coupling” of the A.C. motor 
and generator is extremely tight, and is almost 
like a rigid mechanical coupling until, at about 
100 per cent overload, it breaks down or falls 
out of step! The speed of the motor can only 
be varied by varying the speed of the prime 
mover. 


In order to reverse the A.C. propulsion 
motor, it is necessary to interchange two of the 
A.C. phase connections. As soon as the A.C. 
supply is broken the motor falls out of step and, 
unfortunately, a synehronous motor has little or 
no starting torque. Consequently, during this 
interim period, the A.C. propulsion motor is 
operated as an induction motor, by means of the 
squirrel cage bars or copper bars in the main 
poles of the synchronous motor. These pole 
face bars are only capable of giving a certain 
amount of torque, and it was the difficulty in 
getting such A.C. propulsion motors to reverse 
when running as induction motors, that this 
mysterious “hump” in the propeller character- 
istic was given so much prominence. 


As the frequency is lowered, so does the 
apparent resistance of the squirrel cage winding 
decrease, as the resistance varies with the 
frequency, and up to a point the torque available 
increases. This is the main reason for the 
reduction in speed of the prime movers on A.C. 
propulsion schemes to about 30 per cent of 
normal full speed. It is at this value, that the 
torque of the propulsion motor when operating 
as an induction motor, is sufficient to reverse the 
propeller. 


Perhaps the easier way to understand the 
problem is ‘to follow the effects when reversing 
a propeller from full ahead to full astern. 


It must be emphasised, however, that no matter 
whether it is D.C. or A.C. or any other form of 
power, no difficulties of any kind have normally 
to be faced if the ship is not moving through the 
water. It is only when the way on the vessel 
drives the propeller, ‘that the so-called 
difficulty arises. 


Assuming a steam turbine prime mover and 
the vessel moving full speed through water, then 
upon the order full speed astern, the first 
operation is ‘to reduce the steam supply until the 
speed of the turbines is reduced to the lowest 
fixed setting, of the order of 30 per cent full 
speed. During this period, for about ‘the first 
10 per cent to 15 per cent, the load falls off 
due to propeller slip. On further reduction of 
speed to between 20 per cent to 30 per cent the 
propulsion motor then acts as a generator and 
drives the alternator and turbine. It entirely 
depends upon the rate at which the turbine ean 
absorb energy, at what rate the equipment can 
be reduced to the lowest speed. If the 
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excitation is removed too soon, the slowing down 
period is extended. Interpreted, this means 
there is an optimum method, or time, in which 
the propeller speed can he reduced and power 
absorbed, and finally ithe speed of the ship 
reduced. If it is done too quickly either the 
absorption of power is lost electrically or the 
propeller slips. 


The excitation is then removed from the A.C, 
generator and motor, and all tie or coupling 
between the prime mover and the propeller is 
lost. 


The two A.C. leads are then interchanged and 
the excitation remade on the A.C. generator. 
At this point the turbine is running about 30 per 
cent speed, and the A.C. propulsion motor is 
acting as an induction motor. In order to get 
the maximum effect for the propulsion motor 
the excitation on the alternator is increased to 
about ‘twice the normal full excitation. The 
A.C. stator current is several times full load, 
and eventually the motor slows down, stops and 
reverses. After a little time the ammeter starts 
to oscillate as the propulsion motor follows the 
normal slp torque characteristic. It will be 
noted that during this period the turbine speed 
fell below 30 per cent and then rose again 
slightly in speed. 


Excitation is then remade on the motor, and 
it pulls into step as a synchronous motor and the 
excitation is reduced to normal in the alternator, 
and the turbine is then speeded up. 


Unfortunately, the operation is not a constant 
one and is not foolproof. It is rather odd that 
the solution ‘to most of the diffieulty is over- 
looked. It has been stated previously that the 
speed of the prime mover is reduced to about 
30 per cent full speed to get sufficient torque, 
and if is a fact that if the speed is reduced even 
lower, more torque is obtained, but what is more, 
far more control of the operations. 


The solution of course is to ent down the steam 
to the turbine. The operations then become with 
existing equipment : 


1. Reduce speed normally in the governor 
down to 30 per cent speed. 


2. Remove excitation. 


3. Reverse two A.C. leads. 


Apply excitation to the alternator. 


5. Close steam stop valve until the turbine is 
running about 5 per cent full speed. 


6. As soon as motor reverses and main stator 
current settles down then either readmit 
steam until speed is 30 per cent again, 
or remake excitation on motor so it pulls 
into step at speed well below 30 per 
cent speed. 


The principle behind these latter proposals 
is merely that when a synchronous motor has 
pulled into step, or an induction is running 
with its normal ship then the overload capacity 


of the electrical machine is available for 
acceleration. It would appear possible to 


reduce the present reversal times, by at least 
30 per cent by the above proceedure, but what 
is more, it will reduce the stopping time of the 
vessel through the water, as more power will be 
absorbed from the propeller. 


Various claims have been put forward for the 
advantages of synchronised propellers ete. on 
twin serew vessels, but in many cases ‘these 
suggestions appear to have been made without 
sufficient thought. It is reasonable to assume 
that the two propellers on a twin screw ship are 
reasonably alike. If the main alternator 
operates at 50 cyeles on full load, then with a 
propeller speed of 125 r.p.m. a propulsion 
motor will have 48 poles. There are of course 
24 different positions in whieh the two 
propulsion motors can be synchronised. Of 
course, if the propellers are four bladed then 
there are the corresponding positions where the 
propeller blades will be at the same position in 
space at any instant. This is the old problem 
of the number of diesel engine cylinders, and 
the number of pairs of poles on the alternator 
mentioned earlier. Similarly if tthe number of 
pairs of poles on the propulsion motor is not a 
multiple of the number of propeller blades, then 
it is only possible to get true synchronism of the 
propellers at one position and a “vernier” effect 
oceurs otherwise. No doubt if this phenomenon 
is further investigated there is every probability 
it may be of use in studying the singing 
propeller problem. 


It is as well to mention, however, that if 
absolute synchronism of the propellers is 
achieved, it does not mean the elimination of all 
troubles and difficulties, and‘in fact in certain 
cases the difficulties would be accentuated. 
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There are certain disadvantages which can 
arise with turbo electric drive. The first, of 
course, is the question of failure in the 
propulsion motor propeller  shafting and 
propeller. It has been previously mentioned 
that the coupling between the alternator and the 
synchronous propulsion motor is to all intents 
and purposes a solid mechanical coupling up to 
about 100 per cent overload. It may help to 
get some understanding of this tightness, from 
the fact that an 100 per cent overload, the 
electrical “angle of advance” is from about 30 to 
40 electrical degrees. With a 50 pole synchro- 
nous motor this means 1:2 to 1:6 mechanical 


degrees. 


One of the stated main advantages of turbo 
electric drive, is ‘that it enables higher steam 
pressures and temperatures with corresponding 
higher turbine speeds to be used. Unfortunately 
the high speed of the turbine and alternator, 
entails a very high stored energy. Moreover, 
the turbine is governed to maintain no load full 
load within a very small speed range. 


The disadvantage, ‘therefore, is that all 
variations in the propeller torque and speed are 
smoothed out. This is accomplished by the 
stored energy in the turbo-alternator being 
transmitted electrically through the motor. At 
full speed, full steam is admitted to the turbine 
with any appreciable drop in speed, and a 
corresponding increase in torque. It is_ this 
phenomenon, which results in the fracture of 
propulsion motor rotors, and propeller shafts 
ete. on turbo electric propulsion equipments if 
the propeller speed is maintained near full speed 
in any seaway, or when a vessel is in ballast. 


The remedy, of course, is simple and more- 
over, should be adopted on all turbo electric 
installations, just as experience in the. past on 
other propulsion arrangements, has demon- 
strated its necessity. It is merely the well- 
known method of setting the supply of fuel so 
that the load is just carried. In the case of 
turbo electric installations the main stop valve 
to the turbine should never be opened so that 
more than full load steam will pass, and when 
out at sea it should be set to the speed desired. 
This will mean the turbine will vary in speed, 
but under its governor it will not exceed normal 
no load speed, whilst on loads higher than that 
corresponding to the desired speed the turbine 
speed will fall. 


The next disadvantage of turbo electric A.C. 
drive, is applicable ‘to twin screw installations. 
Rolling has been stated as due to the vessel’s 
upper works, and also poor steering has been 
attributed entirely to inboard turning screws. 
There is little doubt that one of the prime factors 
in both these complaints was the turbo. electric 
installation. They could both have been largely 
cured by the setting of the main steam valves, 
mentioned above, to limit the steam. 


In the case of the rolling, the load or torque on 
the serew varies somewhat with the depth of 
immersion below the surface. Even if the 
vessel is proceeding at only half speed owing to 
the turbine governor, full steam admission is 
available ‘if the speed falls. It is this 
phenomenon which accounts for the susceptibility 
to rolling. 


The poor steering is partly due to the attempt 
of the turbine to maintain ‘the propeller speed 
constant. On any twin screw  turbo-electric 
ship, even with a small amount of helm, it will 
be found that the inboard serew or turbine 
becomes loaded, whilst the outboard is unloaded. 
If, therefore, the external forces applied to the 
hull are sufficient to deflect the vessel from its 
course, then the relatively small corrective force 
being applied by movement of the helm is offset 
by the reaction of the turbines and causes 
difficulty in restoration of the vessel to its 
course. 


With the usual turbo-electric installation, it 
is almost impossible to provide “bridge control” 
of the installation. 


Technically, as far as D.C. propulsion 
installations are concerned, there are no 
difficulties due to the fact that the D.C. is far 
more elastic in coupling than the A.C. It does 
not matter, for example, if the prime mover 
speeds are different. The prime movers may 
run at constant speed, and it is easy to arrange 
bridge control for any D.C. installation and 
cinema films of the electrical instruments do 
not show any strange hump during ‘the reversal 
period. Reversal is faster than with A.C. 
equipments, and it is possible to carry out this 
manceuvre without any overloading of prime 
movers. Steering of the twin screw vessels is 
improved, as with the usual series connection 
of the propulsion motors of twin’ screw 
installations, the arrangements are _ self 
corrective, the inboard propeller slowing down 
and the outboard automatically speeding up. 
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Perhaps the best illustration of the effect of 
reversal of a propeller can be seen in a’ D.C. 
constant current propulsion installation. In one 
particular installation on a tug when the vessel 
is going full speed through the water the 
propeller can be brought to rest from 125 r.p.m. 
in 1-1/5 seconds. Moreover, it is impossible 
to overload the equipment. 


There is one difficulty arising from D.C. 
propulsion motors, which may cause trouble 
which is difficult to eliminate. The cause of the 
trouble is the resultant ampere turns of the 
interpole connections which cause increased 
shaft currents, and the tail shaft can become 
deeply pitted in a very short time. Usually 
these interpole connections on the motor, are 
run in two parallel paths with the intention of 
the one neutralising the other, but, unfortu- 
nately, on such low voltage paths the current 
does not flow equally through the two paths. 


It is well to note that equalising connections 
on lap wound D.C. armatures have no equalising 
property at standstill; they only become effective 
when the armature is rotating. 


There may be a very definite difficulty with 
slip couplings, due to out of balance pull. It 
may be as well to try and explain the 
phenomenon. If it is assumed that two magnets 
are placed diametrically opposite one another 
in space, then if a piece of steel of less 
dimensions than the distance between the two 
magnets is placed anywhere in the space, the 
magnetic flux remains constant to all intents 
and purposes. Obviously there is no out of 
balance pull. If, however, there are for 
example, 20 magnets half north pole and 
arranged alternately round the cireumference 
of a circle, it will be seen that a steel cylinder 
when moved from a central position to one side 
is in fact subject to an unbalanced magnetic 
pull, because the magnetic flux between each 
north and adjacent south poles does not pass 
across a diameter of the eylinder, but merely 
goes into the eylinder and comes out on the 
adjacent surfaces. In other words the magnetic 
flux on one side of the diameter decreases, 
because the air gap becomes larger, and assuming 
the iron is saturated, remains the same, with a 
smaller air gap on the other half of the diameter. 
In practice the inner and outer members of the 
slip coupling are usually overhung so that 
mechanical deflections occur. Consequently 
there is no bodily movement sideways but the 


angle of bend may be inereased due to the 
magnetic out of balance pull. If this pull 
exceeds the modulus of resistance of the shaft, 
the displacement goes on until tthe inner and 
outer members touch. This foree may be very 
considerable, and in fact sufficient to move the 
whole engine. Even if the design of ‘the shaft 
stiffness ete. is correct, the out of balance pull 
may produce inereased wear down of the 
adjacent bearings, if not taken into account. 


As far as propulsion is concerned, the question 
of whether A.C. or D.C. should be used does not 
really arise, design conditions usually decide 
the matter. 


The main question is rather whether it is 


worth while using electrical machines rather 
than direct mechanical drive. Naturally, the 


electrical fraternity prove it is advantageous 
and the opponentts prove the opposite. In first 
cost, the electrical propulsion arrangement is 
always the higher. As far as weights are 
concerned, ithere is not really very much in it. 
So really ‘there are only ‘three criteria, the first 
the question of efficiency; the second reliability 
and the third, maneuvrability. 


From the efficiency point of view there is no 
decided difference. The higher steam pressures, 
temperatures and speed of the steam turbines 
and the slow running propellers give an overall 
efficiency about equal to the direct mechanical 
drive. With diesel prime movers the fuel 
consumption is apparently slightly greater, but 
there is a saving on weight, and a slower speed 
propeller results in an overall efficiency about 
equal ‘to the direct drive diesel. 


As far as maneuvrability is concerned with 
D.C. eleetrie propulsion there is vast 
superiority over any other form of propulsion. 
With A.C. propulsion although full power astern 
is normal, there is virtually little saving in 
maneuvrability, and in fact it may be worse 
than many direct drive diesel installations. 


As far as reliability is concerned there is no 
doubt that the electrical machines are more reliable 
than any other of the propulsion equipment. 


Naturally, there is the proviso that ‘the 
electrical machines must not be _ treated 


abnormally or run under abnormal conditions. 
In this respeet it is well to note that the 
ultimate proof of the reliability, is that of all 
the apparatus placed on board, the electrical 
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apparatus has no “allowance” and is always 
accepted as capable of continuous operation 
throughout the life of the vessel at the full 
nameplate rating. This fact must be borne in 
mind when assessing the reliability of other 
plant. For example, at 100 lbs/sq.in. a boiler 
would not be expected to require any major 
overhaul in, say, 10 years. When, however, 
the steam pressure is increased to, say, 900 
lbs./sq.in. then automatically it is stated ‘that 
because of the higher pressure and associated 
temperature a major overhaul must be carried 
out every five years, and this is accepted as 
maintenance. Provided the 900 lbs. boiler 
only necessarily subjected to a major overhaul 
every five years, then in the experts’ jargon it 
has 100 per cent availability. Whereas if it 
is found necessary to overhaul the 100 lbs. 
boiler every 9 years it has only 90 per cent 
availability. If, however, on the next 100 Ibs. 
boiler we specify a major overhaul every 9 years, 
then this boiler has 100 per cent availability. 
If reduction gear is stated initially to require 
the teeth recutting every 10 years, it is accepted 
as maintenance. 


is 


There is no doubt about the reliability of the 
electrical machines, their efficiency remains 
constant throughout their life; the maintenance 
is negligible, but unfortunately these qualities 
do not improve the qualities of the prime movers 
driving them. The chief advantage of the 
electrical drive in this latter respect, is that it 
usually permits a “standby” or rather provides 
a guard against complete failure of propulsion, as 
would occur with one direct coupled prime mover. 
Even this latter assumption is empirical for, in 
practice, the number of vessels which suffer a 
complete propulsion failure at hardly 
warrants the use of the argument. 


sed 


It must be remembered, however, that in the 
well-known and well-worn manner it is pertinent 
to ask what is meant by manceuvrability, but 
what is more to the point is what is meant by 
economie manceuvrability. Just as the above 
argument of stand-by propulsion is somewhat 


fallacious, it seems very probable that this 
argument of 100 per cent astern power 


availability with electric drive is also fallacious. 
There are not many electric drive ships in 
existence, and there are none of the largest 
turbine ships which have anything like full 
power astern. Moreover, if 200 per cent astern 
power were available it could not be used. 


As in so many eases, one makes the best use of 
what is available and every pilot knows the 
capabilities of the prime movers fitted to a 
vessel. The writer well remembers one of the 
first large diesel engined passenger ships going 
into Tilbury after trials, and watching over the 
stern when the tug was nearly swamped at the 
first manceuvre astern, as the engines kicked 
up to nearly full speed on starting. The tow 
rope was immediately lengthened, and _ its 
hardly likely tthe Master ever worked so close 
again to a diesel driven vessel. 


As far as propulsion is concerned, it is 
difficult to find any reason why electric drive 
should be adopted more in the future except 
in the case of small vessels where manceuvr- 
ability is of prime importance, and those cases 
where an elastic coupling such as an exhaust 
turbine or gas turbine installation is necessary. 


Tt is difficult enough on land to maintain the 
degree of purity ete. of the boiler feed water 
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for the high steam temperatures now in’ use, 
and to achieve such a position on board ship is 
very remote, so there is little to sustain the 
advantage claimed of higher steam pressures 
with turbo-eleetrie A.C. propulsion. 


Within its field there are very decided 
advantages in the use of slip coupling. 
Provided the installation is entirely satisfactory 
mechanically, then the slip coupling will never 
change in efficiency, will be very reliable, and 
will have a working life far in exeess of the 
normal ship’s life. Moreover, it will require 
hardly any maintenance throughout its life. 


Blectnie drive can only be really substantiated 
in special vessels, such as dredgers, tugs, ferries, 
ice breakers ete. The real reasons, of course, 
are, that a combination of automatic inherent 
safety, and ease of control of the power are 
required. It will be seen that due to its inherent 
inflexibility A.C. is not suitable. 


GENERAL CONCLUSIONS AND POSSIBILITIES 


ELECTRICAL EQUIPMENT 


A.C, will undoubtedly be used for larger 
vessels, particularly passenger vessels and 
tankers. It is to be expected that the number 
of vessels provided with A.C. distribution will 
increase up to a peak. Experience will 
probably show after about 10 years that there 
are no advantages but certain disadvantages, in 
the use of A.C. Consequently the number of 
vessels equipped with A.C. might eventually be 
expected to decline. 


D.C. will always be used in coasting vessels 
not carrying an electrician. 


Broadly speaking, the weight and efficiency 
of the electrical generation is a secondary 
consideration when ordering a new vessel. The 
basie and probably only consideration is the cost. 


MARCH, 1952. 


It is not expected that the position will ever 
arise where the use of A.C. instead of D.C. will 
result in a lower cost of the electrical installation. 


ELECTRIC PROPULSION 


There as every reason for the use of electric 
propulsion in small special purpose vessels, and 
D.C. is preferable and superior to A.C. 


In those cases where the prime mover can be 
direct coupled to the propeller shaft through 
mechanical gearing, no real ease ean be made 
out for the use of electric propulsion as an 
alternative. 


Where electric propulsion is the only really 
satisfactory solution, then with the large powers 
involved, the generators at least must be A.C. 
as D.C. is quite unsatisfactory. 
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Discussion on Mr. Jaffrey’s Paper 


ALTERNATING OR DIRECT CURRENT ON SHIPBOARD 


G. 0. WATSON 


It is a sine qua non that any product of the 
pen of my omniscient colleague is bound to 
command attention, if only for his unorthodox 
approach, and the present paper does not 
disappoint. 


We are at the present time at a parting of 
the ways, and whether the A.C. way will prove 
a virtual cul-de-sac as suggested on Page 22 
remains to be seen. Although his conclusions 
are fairly concise the route by which he reaches 
them is devious and obscure. In atomic physics 
there are two methods of accelerating electrons, 
viz. the straight line method, or the cyclotron 
method. In the latter the electron starting 
from the centre is rapidly accelerated in a 
spiralling direction until it is finally shot out 
at a tangent, and if the target is suitably placed 
the object is achieved. The author would 
appear to prefer the cyclotron. 


To one who is daily engaged in dealing with 
plans and proposals for ships’ installations my 
impression after reading the paper is that so 
many extraneous and freak examples are 
introduced which seldom, if ever, arise in 
practice that the issues are confused and more 
pressing problems with which we are daily 
concerned are left unanswered. 


However, let us examine the case as it is 
presented to us. The first three pages emphasise 
the great difficulty in designing ‘what is known 
as a commutator’ and ‘what are known as 
brush boxes”’, and I am intrigued to know what 
should be their correct titles. One gathers that 
the intricacies of design and manufacture are 
such that their continued use should be 
abandoned. It is stated that no good can 
result from a good design if the assembly is 
bad and vice versa, but surely this sage remark 
applies to any piece of machinery. I have read 
and re-read this section and am left wondering 
why anyone in his senses tries to make 
commutators. 


What are the real facts? The troubles dealt 
with in extenso while very occasionally met 
with, only concern ranges of design which are 


in the category which one might refer to as 
“specials”. The vast majority of D.C. machines 
used on shipboard are of standard design and 
made literally by the thousand. Their com- 
mutator and brush gear design has been proved 
in service many times over over a long period 
of years and does not reach the extreme para- 
meters where, as rightly indicated by the 
Author, design and manufacture becomes 
tricky. 


I suggest, therefore, that the troubles 
usually met with are not a question of “arch 
binding” or “‘V binding”, or of “‘trailing’’ or 
“reaction” type brushes, but are largely a 
matter of failure of brush arm insulation and 
commutator insulation due to the presence of 
carbon dust, oil and muck generally. 


Let us turn now to the question of parallel 
operation. The Author makes some rather 
astounding statements which I suggest he might 
amplify for our benefit in his reply. For 
instance, we are told in effect that the phrase 
“parallel operation” is not appropriate when 
applied to D.C. generators, and since it is the 
term universally recognised in text-books and 
I.E.E. publications and in the Society’s Rules, 
I will be interested to know what we should 
call this method of operation. Colleagues will 
undoubtedly agree that difficulties with parallel 
operation of D.C. generators “‘should never 
really exist, or at any rate can be easily avoided” 
(See Page 5). No doubt they will wonder why 
so many of their week-ends have been ruined 
and will be anxious to know if the correct 
name for “parallel operation’”’ can be printed 
in these proceedings. 


I am afraid I cannot agree that “it is quite 
possible to get satisfactory parallel operation 
without satisfactory load sharing’. Surely 
that is the very essence of parallel operation 
and is the cause of most of the headaches. 


“None of the existing specifications are such 
as to ensure satisfactory parallel operation with 
A.C. generators.” Quite true, and they never 
will; specifications are intended to indicate 
what is wanted—-not how it should be achieved 


It is unfortunate that obvious misprints 
occur which confuse the issue, but in some 
cases the correct version is not apparent. For 
instance, the third paragraph, page 6, reads: 
“This statement . . . is strictly true if the prime 
mover... is variable.” (The words omitted 
here do not affect the sentence.) Then again 
at the top of page 6 is a reference to an engine 
which has ‘‘a flywheel . . . to produce a cyclic 
irregularity’. An obvious case of the tail 
wagging the dog. I am afraid my knowledge 
of Einstein’s Theory is poor and I am unable 
to grapple with ‘‘the same instant in space” 
(Page 7). 

The Author has much to say about the 
difficulties of running diesel driven A.C. 
generators in parallel. Suffice it to say that 
there are many hundreds of A.C, generation 
stations with diesel prime movers operating 
satisfactorily in all parts of the world. There 
are also dozens of ships similarly equipped. It 
is not necessary to work “by word of mouth” 
between the switchboard and the prime mover. 
The necessary speed adjustment is usually done 
from the main switchboard. Jn T-2 tankers, of 
which there are approximately 500, the system 
is A.C., most of them with steam driven alterna- 
tors, and no difficulties in regard to synchronis- 
ing have been reported. Again it is a question 
of arguing from the particular to the general 
and the circumstances mentioned by the Author 
refer to a special set of conditions.The whole 
flock should not be condemned because of one 
black sheep. 


The Author may be correct when he says 
that it was not shipowners or underwriters who 
originally raised the question of A.C. It was 
certainly “interested” manufacturers in the 
first place, but now it is the shipowners who are 
pursuing the matter, and some of them rather 
vigorously. It is especially interesting to note 
that greatest activity is among tanker owners. 
For many years it has been the standard 
system for U.S. tankers, but since U.K. owners 
have had the experience of owning and running 
T-2 tankers they have gone all out for A.C. in 
their new tonnage. That fact is significant and 
it may not be a cul-de-sac after all. I am 
puzzled by the Author’s statement that “Only 
the manufacturer is left, together with the fact 
that our standardised frequency is 50 cycles, 
not 60” and would like him to amplify this 
reference to frequency. Incidentally, 60 cycles 
is steadily becoming standardised for ship work. 

The statement (Page 4) that “no direct basic 
dielectric failure ever occurred”’ will not hold 
water. I do not know what “pressure voltage” 


means, but I do know that cable failures have 
occurred in new cables within six months of 
commissioning, even though they were tested 
at 1,500 volts for fifteen minutes and failure 
was not due to cracking of the insulation. Also 
the failures were in the middle of a run of cable 
and were due to poor quality rubber, The 
cable-makers replaced them free of charge. 


The statement on Page 10 that 440 volts will 
only arise in the largest size of passenger 
vessels and the pump motors of large tankers 
is not borne out by our records. In a Swedish 
port there are now on order over twenty 
vessels, some of them cargo ships and some 
tankers, all arranged for 440 volts. This 
voltage is now almost universally used in a 
wide variety of ships and in many of them the 
cargo pumps are not electrically driven. The 
number of ships with 230-250-volt A.C. 
generators is quite small; of eighteen vessels 
dealt with this year only four were for 230- 
250 volts. 

The humorous position envisaged on page 12 
has so far not developed as we have not yet 
experienced the use of variable speed A.C. 
commutator motors in ships and neither have 
any proposals to do so come to my notice, 


The fact that squirrel cage motors may draw 
six times full load current is fully recognised 
and is not avoided as is suggested by using 
star delta starting and other methods. In the 
many ships already dealt with in our plans 
section it is common practice to use direct-on 
switching with ordinary squirrel cage motors 
exactly as in land practice in spite of the high 
initial starting current. 


The reference to motors using silicone insula- 
tion and running at 200°C. is no doubt 
interesting as a side issue, but has no bearing 
on ship work as no one so far has even suggested 
using such a motor in a ship. They are at 
present only in the research stage for applica- 
tions where no ordinary motor could exist, and 
the idea that they should be capable of working 
from zero to 200° C. is fantastic. They are at 
present little more than a laboratory toy. 


With the Author’s remarks in the Trans- 
former Section regarding unlikely arrange- 
ments, I fully concur. There are many other 
unlikely conditions which could have been 
mentioned. 

The Author’s view (Page 12) that without 
the slightest doubt the induction motor has 
been brought to a stage of near perfection and 
is the designer’s ideal, possibly provides one 
reason for the present trend towards A.C. 


We now come to the section on ‘‘Propulsion”’. 
While it may be true that the question of 
“wear” on commutators is seldom raised, 
nevertheless, there is no concealing the fact 
commutators are not favoured. Generally 
speaking, there is a preference for the diesel 
engine on account of its low fuel consumption, 
but until recent times it was not considered 
practicable to design an A.C. propulsion system 
using diesel engines and there was no choice 
but to use D.C. machines and put up with the 
commutators. Another reason is that bridge 
control is favoured for the type of vessel usually 
fitted with diesel-electric propulsion, and 
this can only be done at present with D.C. 
machines. 3,000 H.P. is about the practical 
limit for a D.C. propelling motor taking into 
account speeds and permissible voltages and 
shaft height limitations so that A.C. becomes 
the only alternative for large powers. 


In the section on propellers a diversion is 
made to deal with corrosion and in the third 
paragraph on Page 16 a statement is made with 
reference to the conduction to the sea for any 
leakage from the electrical installation. I would 
be glad if the Author would enlarge on this, as 
it would appear that any leakage from the 
electrical system to the hull will return by the 
shortest path, i.e. the hull and not via the sea 
and back to the hull again. In “hull return” 
ships, of which there were a great many in the 
past and many still in existence, there is no 
evidence that this condition exists, as if it did 
it would certainly lead to excessive hull 
corrosion. 


The paper also states that shaft currents 
cannot be eliminated by fitting copper brushes. 
Perhaps not, but they serve a useful purpose 
as was demonstrated in the case of s.s. “Rex’’. 
This ship showed 250 millivolts between 
shaft and hull, so brushes were fitted and con- 
nected to the hull when the volts were reduced 
to 20-25 millivolts which was considered 
satisfactory. 


We now come to the question of propeller 
characteristic, and I must now say a word or 
two in defence of the “pundits”. Although the 
Author appears on Page 16 to scoff at the so- 
called “hump’’, he admits on Page 17 that for 
A.C. equipments it is of great importance. The 
Author has not made it very clear what this 
“hump” is and it might be as well before 
discussing it to clear the air. It is certainly not 
a hump in the propeller as stated in the fifth 
paragraph, second column on Page 16. 


To appreciate the point it is useful to refer 
to graphs of torque/speed when a propeller is 
reversed with way on the ship and I will refer 
to Fig. 1. 


This characteristic is well known and while 
it may not have received much _ publicity 
until papers relating to A.C. propulsion were 
published, it undoubtedly is a property of all 
propellers and what is referred to as the “hump” 
will be obvious from these curves. 


When the “pundits” began to study whether 
A.C. propulsion was feasible it was natural that 
they should explore the propeller characteristics, 
since it was well known that synchronous motors 
with squirrel cage starting windings had a very 
poor starting and reversing torque. Pioneers 
like W. L. R. Emmet, an engineer of inter- 
national repute and the inventor of the mercury 
turbine, were responsible for much of the early 
work and research on this problem. I have 
many records of tests confirming the general 
shape of this speed/torque curve, including 
tests on U.S.S. “Sperry”, s.s. ‘““Pennsylvania’’, 
s.s. ‘Jupiter’, s.s. ‘Delaware’ and U.S.S. 
“New Mexico”, etc., most of which were fitted 
with slip ring induction motors. 


Naturally one does not pay much attention 
to this point in connection with D.C. drives 
because there is plenty of inherent torque in 
D.C. machines and it is not a major problem, 
but, nevertheless, D.C. equipments have been 
used to determine propeller characteristics 
because they lend themselves better to the 
analysis of results. For instance, W. L. R. 
Emmet presented a paper on the subject to 
the U.S. Society of Naval Architects and 
Marine Engineers in 1911 in which he gave 
results obtained on the s.s. “Graeme Stewart”, 
a D.C. turbo-electric equipment. The American 
experiments, by the way, were carried out with 
an oscilloscope and not by cinefilm, the latter 
method being first used by the B.T.H. Co. at a 
much later date. 


In 1941, H. H. Curry and J. C. Fink presented 
to the same institution the results of experi- 
ments on the s.s. “Naugatuck”, another D.C. 
installation, which again confirms the existence 
of the “hump”. 


More recently H. J. Chase and A. L. Ruiz 
received the Capt. Joseph H. Linnard Prize, 
one of the highest awards conferred by the above 
Society, for a paper formulating a new basis 
for rating astern turbines. The question has a 
wider interest than that of A.C. propulsion and 
considerable expense has been incurred in the 


search for a formula. They point out that 
while the time consumed in the actual testing 
is not too great, it is expensive to operate the 
ship and the preparations required are exten- 
sive. Preparations on a large tanker took 
three to four months. Six reversing tests took 
only 3 hours, but required the services of twelve 
men in addition to the crew. To analyse the 
results took three men a total of six months. 
The vessel chosen had a geared turbine drive 
and after going to such expense it is natural 
that every precaution was taken to obtain 
reliable data. Ship’s resistance will naturally 
depend on the shape and dimensions of the 
hull and the shape of the propeller curve will 
therefore vary from ship to ship. The ship 
tested in this instance had a characteristic as 
shown in Fig. 1 which again has the characteris- 
tic “hump’’, though not so pronounced, no 
doubt due to the relation between hull friction 
and propeller size. 


Incidentally, this problem is now very largely 
of only academic interest as far as A.C. propul- 
sion is concerned because the technique of A.C. 
installations is now more or less standardised, 
but for the design of astern turbines it is a 
matter of very real concern. 


Having operated the controls of some eight 
turbo-electric A.C. equipments during full speed 
reversals on trial trips, including the 28,000 H.P. 
“Strathnaver’ and “‘Strathaird”, I have a keen 
recollection of tense moments—nay minutes— 
which this operation entails. I can assert quite 
definitely that the method suggested by the 
Author, viz., to reduce the speed of the prime 
mover almost to standstill, has been tried and 
the result was unsatisfactory. I have also 
stalled the turbine—unintentionally—but it 
did not improve the reversing time. The “San 
Benito” was initially fitted with a breaking 
resistance which resulted in stalling the turbine 
and it was subsequently removed. 


Mr. R. T. Coe (B.T.H. Co.) proved mathe- 
matically the presence of the “hump” and 
evolved the principle of delaying the switching 
of the motor until the propeller speed had fallen 
to a predetermined value. This was proved by 
trials to give the best results. 


The Author refers on page 19 to the fracture 
of propulsion motor rotors—I am aware of only 
one, due to a badly designed welded spider. 


It is not correct to state that poor steering 
with inboard turning screws is due to turbo- 
electric installations. On one famous ship, 
which tank tests showed would effect an 8 per 
cent saving in power if fitted with inboard 


turning propellers, tests were carried out off 
Ramsgate for about an hour during the voyage 
from the shipyard to London. The usual pro- 
cedure is that commencing with the ship 
stationary it is normally possible to turn the 
ship by the proper combination of propeller 
action and rudder position. With the inboard 
turning propellers each working independently 
and obeying orders from the bridge this ship 
failed to respond in the normal manner. After 
a year or two the propellers were changed to 
outboard turning with consequent loss of 
efficiency, but improved steering. [I still fail 
to see what effect electric propulsion could have 
in this case. The complaint did not arise with 
the ship under way. 


E. L. GREEN 


If I may add a few words to Mr. Jaffrey’s 
remarks on page 16 concerning “shaft” currents, 
I understand that attempts have been made to 
insulate one length of intermediate shafting 
from another by fitting insulating material 
between the coupling faces of two adjoining 
lengths of shafting and also at each coupling 
bolt of the same coupling in the form of a sleeve 
fitted over the shank of the bolt. 


I have no knowledge of the efficacy of this 
arrangement in practice, but perhaps Mr. 
Jaffrey would be good enough to let us have his 
opinion of the idea. 


I may add that the insulating material is 
known by various trade names, one of which 
is ‘“Celeron”’. 


G. AUTERSON 


The increasing number of plans of A.C. marine 
auxiliary electrical installations being dealt with 
in the London Office provides a clear indication 
of the present interest in the possibilities of 
A.C. as an alternative to D.C. for this appli- 
cation. The A.C. auxiliary installation afloat 
is by no means a recent phenomenon as isolated 
examples have been in existence for at least 
thirty years; the installations in the “British 
Colonel” and her four sister-ships, all built in 
the early 1920s being instances which will 
perhaps be most familiar to those of us who 
have served in the home Outports. Until the 
advent in large numbers during the later war 
years of the T2-SE-A1 tanker, with its almost 
exclusively A.C. auxiliary installation, the 
number of such installations afloat was, how- 
ever, insignificant. The coming into service of 
the vast fleet of these ships multiplied this 


number many times over and there can be 
little doubt that the present interest in A.C. 
auxiliary installation can be attributed in no 
small measure to the post-war disposal of 
many of these tankers to Owners throughout 
the world. 


From reports and from personal experience 
of the T2 tanker auxiliary installations which, 
by the way, are nearing their first decade of 
existence, and also from observation of the 
performance and condition of other A.C. 
installations encountered in the course of duty, 
I am impelled to express the view that the 
Author has loaded the dice against this possible 
competitor of the well established D.C. auxiliary 
installation. Although I hold no brief for the 
A.C. installation IT doubt whether many of the 
formidable array of disabilities conjured up by 
the Author to its discredit have practical 
significance, however plausible the arguments 
may appear from a theoretical standpoint. 


I agree with the Author that the effects of 
cyclic fluctuations of prime mover torque on 
the parallel operation of A.C. generators 
requires careful consideration, but this is a 
point that the Author admits may be safely 
left to the designers of the generating plant 
and need not trouble unduly the protagonist 
of the A.C. system. 


The occurrence of the trouble envisaged at 
the bottom of the second column of Page 7 is 
unlikely to obtain in practice except perhaps 
in the case of motors driving auxiliary pumps 
associated with the prime mover of a generator 
and fed from the generator side of the main 
circuit breaker to ensure their remaining in 
service in the event of the latter tripping due 
to overload or other cause. In such cases it has 
been the practice to fit larger motors than 
service conditions require, thus obviating the 
motors becoming overloaded due to the increase 
in frequency accompanying the tripping of the 
circuit breaker. The suggestion that, on this 
account, the governing of the prime mover 
should be closer than is required for compli- 
ance with the Rules would thus seem to be 
unwarranted. 


Much stress is laid on the difticulties of 
regulating the prime mover speed when syn- 
chronising A.C. generators. In practice it is 
found that the provision of an electric motor 
operating the speed control mechanism and 
controlled at the switchboard obviates vocal 
competition with engine room din during the 


process of synchronising and it is perhaps rele- 
vant to observe that the motor controlled D.C. 
generator field rheostat is not unknown. 


The provision of the requisite means of 
automatically controlling the voltage of an 
A.C. generator does not necessarily involve the 
use of the delicate and complicated apparatus 
commonly used in land practice, satisfactory 
results having been achieved by the employ- 
ment of regulators operating on the trans- 
ductor or magnetic amplifier principle and 
having no moving parts whatsoever. Such 
apparatus requires the minimum of attention 
and gives very reliable service provided atten- 
tion is given to the ventilation of the associated 
metal rectifiers. The modern carbon-pile regu- 
lator has also proved effective afloat. It has the 
merit of having few moving parts, but adjust- 
ment is best left to experts. 


As regards relative danger to life from 
electrocution by A.C. and D.C. I am very much 
interested in the statement that, from this 
point of view, an A.C. voltage of 150 is equiva- 
lent to a D.C. voltage of 600. As the common 
comparison is 150 volts A.C. and 250 volts D.C, 
would the Author please state the basis 
adopted? 


Concerning the matter of A.C. generator 
voltages, 440 volts in this country and 380 volts 
on the Continent have found most favour to 
date whether the installation be large or small 
and irrespective of the type of ship. 


The phenomenon of the D.C. generator flash- 
over alleviating the consequences of faults on 
the system is one which I have not encountered 
in practice and reports of recent short-circuit 
tests on marine D.C. generators record instan- 
taneous increases of current to many times the 
full load value without the occurrence of flash- 
over. I would therefore like the Author to say 
whether D.C. generators as now fitted in ships 
are of the non-compensated type and whether 
they have the values of reactance and volts 
per commutator bar he mentions as being 
conducive to flash-over on overload. With 
3-phase A.C. generation at 380 or 440 volts 
the amps. per kilowatt or per motor horse- 
power are less than 1-5 compared with the 
approximate equivalents on a 220 volt D.C. 
system of 5 and 4, respectively. On an A.C. 
system it is thus possible to protect cables 
supplying loads of up to about 200 kilowatts 
or feeding motors up to about 200 B.H.P. by 
means of fuses without exceeding the maximum 
nominal rating of 300 amps. permitted by the 


Rules, whereas on a 220 volt D.C. system the 
corresponding maxima are 66 kilowatts and 
about 75 B.H.P., respectively. In the A.C. 
installation we can therefore use fuses either 
as the sole protection or as ‘‘back-up”’ protection 
for the majority of the main circuits, and by 
the employment of H.R.C. fuses of known 
rupturing capacity can assure reliable fault 
clearance without undue preoccupation about 
maintaining switchgear in the state of excellence 
which the Author stresses as being necessary if 
parity with the D.C. installation is to be 
achieved. 


Associated with the question of fault clearance 
is the matter of the causation of faults through 
cable failures mentioned on page 4, and in this 
connection I would suggest that the advantages 
accruing from the absence in A.C. installations 
of the effects of electro-osmosis might conceiv- 
ably balance any disadvantage associated with 
the higher voltages employed as compared 
with those used in D.C. installations. 

It seems to me that the factors mentioned 
in the two preceding paragraphs may explain 
why the use of A.C. afloat has not been, and 
in my opinion will not be, attended by any 
greater fire hazard than is associated with the 
use of D.C. 


With regard to the voltage drop at the termi- 
nals of squirrel cage induction motors and its 
detrimental effect on starting torque, I find 
that on a 440-volt A.C. system and using a 
three-core cable, one could have—taking an 
unfavourable case, e.g. a 7/-029 varnished 
cambric insulated cable and applying the 
current rating permitted by the Rules—a 
circuit length of 136 feet without exceeding a 
6 per cent drop in voltage at the motor terminals 
during the starting period, assuming a starting 
current equal to six times the full-load current 
and the latter to be equal to the rated current- 
carrying capacity of the cable. I do not there- 
fore consider that we should be unduly worried 
on this score. 


For propulsion purposes there is little argu- 
ment as to the choice of A.C. or D.C., as the 
matter is largely determined by the size of the 
installation and the service of the ship. The 
Author’s theory that fractures of propulsion 
motor rotors and propeller shafts can be 
attributed to the governing of the steam 
turbine is most interesting, but I find it hard 
to believe in view of the trouble-free service in 
this respect which has been given by the 
majority of A.C. turbo-electric ships over a 
long period. The two examples of rotor failure 
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with which I am familiar were obviously the 
result of unsound design, and the cracks I saw 
in the rotor arms of a propeller motor of another 
type had all the appearances of being “original 
sin”. As to shaft failures I would suggest that 
these are not confined to turbo-electric ships 
and are just as likely to occur with geared 
turbine machinery. Comparative statistics 
would be interesting. 


8. ARCHER 


On page 1 of this most interesting paper by 
Mr. Jaffrey, he states: “In some cases the 
estimated costs of the direct current were 
assessed as lower than the alternating current 
proposal. In other, almost similar, cases the 
reverse occurred.” 


Whilst difficult to generalise, it has been 
suggested that there may be a critical horse- 
power for propulsion installation below which 
D.C. is lower in initial cost and above which 
A.C. is cheaper, and a figure of 2,500 H.P. has 
been mentioned. Could the Author comment 
on this? 


One minor disadvantage of the A.C. system 
which, it is understood, caused some trouble 
during the last war, is the liability of circuit 
breakers to trip when exposed to mechanical 
vibration or shock, such as may be set up by 
underwater explosions, bombing, etc. This 
apparently arises from the fact that there are 
two instants in each A.C. cycle when the current 
reverses, i.e. the field is instantaneously zero. 
It has been stated that some protection against 
this effect can be obtained by the use of 
“shielded pole” breakers. Could the Author 
describe the action of such safeguards? 


The Author’s emphasis on correct mechanical 
design and assembly to ensure reliability of the 
commutators of D.C. machines brings to mind 
some recent cases where persistent slackening 
of armature core laminations had occurred 
despite several attempts to weld up the 
assembly. This was finally traced to torsional 
vibration in association with the use of a single 
key only in the assembly of laminations and 
spider. The critical speed in question was very 
close to the operating speed, but the calculated 
torsional vibration stress in the armature shaft 
was quite low. Nevertheless, owing to the 
relatively stiff construction of this shaft, the 
corresponding vibration torque amounted to 
several times the full load torque on the arma- 
ture, this causing severe load reversal, the 
inertia effect of which was too much for the 
single key construction. 


Mr. Jaffrey’s remarks on page 19 relating to 
mechanical characteristics of A.C. propulsion 
systems are of particular interest. It had for 
some time been suspected that the electrical 
stiffness between a synchronous motor and its 
alternator was by no means negligible and 
calculations just completed have confirmed 
this. Taking a T-2 tanker installation, the 
following figures are applicable to a G.E.C, 
installation :-— 


Moment of inertia of propeller (wet)— 
298,000 Ib.-in.-sec? 
Moment of inertia of motor— 
398,000 |b-in-sec” 
Torsional stiffness of propulsion shafting— 
183-7 x 10° Ib.-in-radian 
Torsional stiffness of motor synchronous field 
216 x 10° lb-in-radian 
_ (at normal excitation and full power). 


On the conventional assumption that the 
electrical stiffness can be neglected, the propel- 
ler-excited 1-node critical speed works out at 
78 r.p.m. 


Allowing for electrical stiffness, the correct 
position of this critical is found to be 88 r.p.m., 
or only 2 r.p.m. below the normal service speed 
of 90 r.p.m. 


The high electrical stiffness, i.e. approaching 
20 per cent greater than that of the shafting, 
also causes the installation to behave in a very 
similar manner to a geared turbine installation 
in respect of propeller torque variations when 
pitching in a seaway. Calculation shows that 
as in those installations, the propeller resistance 
torque variation under conditions of varying 
immersion is transmitted undiminished to the 
line shafting and propulsion motor and may 
well approach 100 per cent of the mean torque 
in extreme cases. 


It may well be that these two effects in 
combination have a significant bearing on the 
number of failures of tailshafts and rotor 
spiders in this class of turbo-electric ship of 
recent years. 


TYPoGRAPHICAL ERRORS 


1. Page 2, left-hand column, line 16 from 
bottom, should ‘copper’ not read 
“upper” ? 

2. Page 16, right-hand column, line 6 from 
bottom, should “D.C.” not read “A.C.” ? 

3. Page 19, right-hand column, line 25 from 
bottom, sentence starting “At full speed, 
etc.” seems to read differently from 
what the Author intended. 
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L. R. HORNE 


The opening paragraphs of Mr. Jaffrey’s 
paper convey the suggestion that the use of 
A.C. for auxiliary purposes is novel in ships. 
Successful exceptions might be quoted: several 
of the original turbo-electric driven capital 
ships of the U.S. Navy had extensive A.C, 
auxiliary installations and the French liners 
“Guaruja” and “Ipanema” which went into 
commission about 1922 had A.C. power supply 
for auxiliaries, and these vessels were reported 
to be successful and reliable. 


With regard to the reversal of the propeller 
with synchronous motor drive, the Author 
suggests that this type of propulsion compares 
unfavourably with others. Experience on 
stopping and reversal trials shows that this is 
not so, for electrically propelled ships have a 
general reputation (with statistical backing) 
for being most satisfactory in this respect. 
On page 19 he suggests that ‘“‘this phenomenon” 
results in the fracture of propulsion motor 
rotors and propeller shafts. There have been 
propeller shaft failures brought to our notice 
in one class of electrically propelled tankers, 
but there was, as | understand it, no implication 
that the type of prime mover was responsible. 
Could the Author let us have some details of 
the failures he refers to. 


The Author suggests that the characteristic 
“hump” in propeller torque speed curves has 
only been verified in A.C. installations. In the 
trials of Coast-guard Cutter “Naugatuck” (a 
D.C. installation) the same characteristic was 
quite clearly demonstrated. If the “hump” is 
not shown in many trial records the reason is 
that accurate speed, r.p.m. and torque (or 
thrust) data were not obtained. 


On page 20 the Author refers to twin-screw 
electrically propelled ships (with synchronous- 
induction motor drive) as having a susceptibility 
to rolling and to having the attribute of poor 
steering: 

I have discussed this type of vessel with a 
number of Superintendents and Chief Engineers 
who run them and have not heard of these 
characteristics. 


It seems to me that on all large ships it will 
be necessary to use both D.C. and A.C. and 
that there will always be a considerable number 
of auxiliaries which can be quite efficiently 
driven by either. The question as to whether 
power should be generated as D.C. or A.C. will 
have to be solved for each type of installation. 

Thanks are due to the Author for a very 
stimulating paper. 
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AUTHOR’S REPLY 


To Mr. Watson 


Mr. Watson appears to have misunderstood 
the Author’s purpose somewhat. Design 
experience indicates that before making any 
changes it is wiser to think of all the possible 
things that can happen in any circumstances 
and take steps to avoid them where possible. 


The idea of the paper was to try and ascertain 
whether it was better to use A.C. or D.C. in 
merchant ships. Accordingly the Author stated 
additional things. which can happen with A.C. 
as compared with D.C. and the only apparent 
shortcoming of D.C. as compared with A.C. 
was the commutator. The replies do not 
attempt to prove that A.C. is better than D.C., 
or the reverse, but in general agree that the 
possibilities regarding A.C. as stated by the 
Author could happen but are unlikely to do so. 
A D.C. generator is an alternator with a com- 
mutator added. The reason why commutators 
are still made is closely related to the reason 
for the present paper in that there are certain 
applications where only D.C. is suitable and 
others where D.C. is preferable to A.C. 


Provided an installation complies with the 
Rules and operates satisfactorily in service, no 
comment is necessary, but if the safety of the 
vessel is involved it is quite another matter. 
If, therefore, by the use of A.C. it is even 
remotely possible to cause an emergency or to 
accentuate or prolong an emergency as com- 
pared with D.C., the matter is one of consider- 
able importance. 


Commutator manufacture is a specialised art: 
Good assembly is not only a matter of fitting 
and scraping and the other things normally 
associated with good assembly. Bad assembly 
may not show up until after a considerable 
number of years in service. It is practically 
impossible to tell whether assembly is good or 
bad by looking at a finished commutator. 
“Parameter” commutators are rarely found on 
board. Special commutators are easy to design 
compared with the vast majority of ordinary 
commutators. 


Ball bearings are used on nearly all motors 
and grease is used for the bearings, not oil. 
Generators are mostly provided with sleeve 
bearings. In generators over 150 kW per 


1,000 r.p.m. the brush gear is mounted usually 
from the yoke so oil does not reach the insulation 
behind the brush arms. The main trouble with 
commutators is mechanical maintenance. 
Staggering of brushes longitudinally does not 
prevent formation of ridges, it increases the 
number. The Author’s remarks on commutators 
were intended to show that the mechanical 
effects of brush arms, brush boxes and brushes 
were far more important than their electrical 
effects. 


Satisfactory parallel operation means that in 
conjunction with the prime mover generators 
will continue to operate with permanent or 
varying changes in load without electrical 
instability or the electrical protective devices 
operating. 


Satisfactory load showing means that after 
generators have been paralleled any permanent 
or varying changes in the load are automatically 
shared proportionally between the different 
generators. The Author did not state that the 
phrase “parallel operation”’ was not appropriate 
to D.C. generators. What was indicated was 
that as any D.C. generator can be made to run 
in parallel merely by moving the position of the 
brushgear the difficulties of parallel operation 
did not exist. Difficulties with parallel opera- 
tion might exist with A.C. generators. 


Text-books and I.E.E. publications are 
perfectly correct in using the phrase “parallel 
operation’, but in none of the foregoing or in 
any tender anywhere else in the world, or any 
other specification has the phrase load sharing 
been applied to A.C. generators. There is no 
such thing. practically as automatic load 
sharing with A.C. generators. 


The reason for ruined week-ends is due to 
attempts to obtain satisfactory load sharing of 
D.C. generators, particularly the smaller sizes 
where movement of the brushgear is permitted 
to obtain compounding at the makers’ works. 


Perhaps it may be more astounding still to 
know that unlike D.C. generators flywheels 
have little or no effect on the parallel operation 
of alternators. The function of the flywheels 
is to reduce the cycle irregularity, or rather 
the variation in frequency. All governors in 


parallel run at exactly the same proportionate 
speed, no matter what the change of load or 
rate of change of load. The electrical angle of 
advance is about 15 degrees on full load. Ona 
250 r.p.m. generator at 50 cycles this means 
about 1} mechanical degrees. 


No D.C. generator as installed on board 
operates at the same characteristic as that at 
the makers’ works tests. It is quite incorrect 
to state that the voltage drop in equaliser 
connections should be the same. There should 
be no current whatsoever in the equalisers and 
the best load sharing conditions that can be 
obtained on board mean different currents 
in the equalisers with different voltage drops. 


A relative change in speed occurs between 
D.C. generators operating in parallel. In fact, 
on board it is usual practice to run D.C. genera- 
tors at the full load rated speed of the engine as 
given by the tachometer no matter what the 
load is. With A.C. generators, as no frequency 
meter is required, some difficulty may arise in 
determining which tachometer is correct. By 
providing an electric clock on the switchboard 
and ringing up the bridge to obtain the time 
from the ship’s chronometer a very accurate 
measure of assessing the speed over a period is 
available. There is no relative change of speed 
between alternators in parallel and that is 
why stresses are higher and crankshafts operate 
under worse conditions than with D.C. 


Specifications specify limits of cycle irregu- 
larity for D.C. generators and A.C. generators 
which is something that is wanted. 


If the word ‘‘speed”’ is inserted after ‘‘prime 
mover” the matter may be clearer. It is 
admitted that the ‘‘same instant in space” is 
somewhat unusual, but it is necessary to 
understand the meaning of the expression in 
order to understand what is meant by parallel 
operation and absence of load sharing of A.C. 
generators. 


The Author knows of no power station, 
diesel or otherwise, anywhere, except a steam 
turbine station supplying a traction load, which 
is subject to such fluctuations of load as may 
occur on board ship. This steam station is a 
perfect example of satisfactory parallel opera- 
tion and the complete absence of load sharing 
of alternators during the peak loads. 


There is less experience of 60-cycle A.C. 
machines than 50-cycle in this country. As the 
Author has explained 60 cycles is better for 
the economic speeds of centrifugal pumps, etc., 
and 65 cycles would be somewhat better still. 


The Author refers to a true electric failure 
through homogeneous insulation. A piece of 
steel may have slag inclusions, and withstand 
initial tests but fail rapidly in service. The 
usual understanding of insulation ageing is 
that it hardens and cracks. The explanation 
given of true dielectric failure is that normally 
accepted. 


The Author explained at some length that 
although the maximum permitted voltage of 
500 for D.C. was not used, every attempt 
would be made to use the highest A.C. voltage 
permissible. The Author was dealing with the 
limitations which would prevent the use of the 
maximum A.C. voltage, assuming the load was 
supplied direct from the generator. 


If reference is made to the fourth paragraph 
under Transformers on page 13 it will be seen 
it is stated that A.C. generators will apparently 
be 440 volts, 3-phase. The point is that on 
vessels equipped with a small number of small 
generators, if A.C. were used, 440 volt generators 
would not be reliable and it would not be 
economic to use transformers so that the 
generator voltage would have to be decided 
accordingly. Where larger powers than in 
question, then transformers would be used and 
the highest permissible generator voltage of 
440 would be used. 


Mr. Watson’s remarks confirm the Author’s 
contentions. 


The Author stated that it was only when the 
question of six times full load starting current 
was raised that stardelta starting was mentioned. 


The permitted ambient temperatures and 
temperature rises for rotor winding of propul- 
sion machines with Class B insulation result in 
a total temperature of 125° C. A considerable 
number of motors provided with silicone insula- 
tion have been in commercial service in U.S.A. 
for some time. The particular point was not 
that the silicone insulation motor had operated 
at 200°C. but that this fact was taken as a 
measure of commendation, whereas it would 
have been much more to the point if it had 
been stated that the motor had been taken 
from zero to 200° C. a thousand times. 


Before the “Queen Mary” was built the 
Author drew up a scheme for a total D.C. 
propulsion power of 160,000 H.P., and it is 
theoretically and practically possible to design 
a D.C. scheme with 320,000 H.P. on four screws. 
The design was based on a 10,000 H.P. D.C. 
motor which was and, so far as the Author 
knows, is still in commercial operation. 


In the original paper a section was on A.C. 
and D.C. welding as used during construction. 
The electrical installation referred to was the 
welding installation, not the ship’s own elec- 
trical installation. 


Some misunderstanding exists regarding the 
“Rex” as the Author suggested the use of a 
battery and potential divider to obtain a reverse 
potential as copper brushes had been tried 
with no beneficial result. 

Mr. Watson has apparently misunderstood 
the point regarding the Author’s remarks on 
the “hump” in the propeller characteristic. It 
was not denied that the readings taken indicated 
a “hump”, but the interpretation of these 
readings might be at fault. In other words, 
as the readings were taken by electrical meters 
on electrical circuits of electrical machines the 
“hump” might be due in part to electrical 
reaction and not torque reaction in the propeller. 


Unfortunately it is not clear what is meant 
by “plenty of inherent torque in D.C. machines”. 
It does not matter whether it is an A.C. or D.C. 
machine, the torque is proportioned to the 
‘fn phase current’’ and the “magnetic flux’’. 


It will be seen from Curve 3 of Mr. Watson’s 
diagram that the “hump” is approximately 
6 per cent of full load torque, whereas in 
Cases 1 and 2 the “hump” is considerably more. 
It is somewhat remarkable that a tanker was 
used in the case of Curve 3 as one would expect 
a tanker to produce good results in respect of 
the “hump” and a vessel with the proportions 
of the “Empress of Britain” to produce 
an enhanced ‘“hump”’. 


The fact is the position is far from academic, 
and the results shown on the curves require 
considerably more data of the conditions of 
test in order to obtain a full appreciation of 
the results. 


What appears to be overlooked, no matter 
whether it is turbo-electric propulsion or 
astern turbines, is the fact that it is necessary 
to overcome the “peak” torque that may 
occur during reversal. 


All Mr. Coe did was to equate the torque 
available from the propulsion machine to the 


torque required by the propeller. What he did’ 


not do was to evaluate the variations in torque 
which would occur with any particular propel- 
ler in a particular kind of sea way. 


In quite a moderate sea way the Author has 
seen the torque varying from a quarter to three- 
quarters full load torque without any noticeable 
variation in propeller speed. There is little 
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doubt that considerable variations in propeller 
torque may and do occur. Consequently, if 
with Curve 3, for example, it is supposed that 
the turbine has just sufficient power to over- 
come the “hump”, it certainly will not reverse 
the propeller if the torque required is greater at 
the same propeller speed. It is quite possible 
for the resistant torque of the propeller to 
increase, say, 6 per cent of full load due to some 
conditions in a sea way. It will be seen that 
this 6 per cent increase means 100 per cent in 
the available motor torque. 


If anxious minutes are spent during the 
reversal at the controls of any turbo-electric 
ship it is simply a direct indication that reversal 
has been attempted too soon. It is incorrect to 
assume that because an instruction book on the 
equipment states that reversal shall be started 
when the propeller speed has fallen to a 
particular value that satisfactory reversal will 
arise. As it is in all cases dependant on the sea 
way conditions and the peak torque occurring 
at the particular revolutions there should be no 
delay whatsoever when reversal is started, and 
it will be obvious that a series of tests in different 
sea ways on every vessel is necessary. There is 
little doubt that burning of insulation of field 
coils of propulsion motors is probably due to 
the attempts to start reversal too soon. 


The reason why steering is worse with turbo- 
electric propulsion is because the turbine is 
provided with a governor which maintains or 
tends to maintain the speed of the turbine 
constant under varying load conditions while 
with direct drive installation the amount of 
steam which can be admitted is set by the 
throttle, not by a governor. 


To Mr. GREEN 

There is no doubt that if electrical insulating 
material could be placed in the couplings of the 
shafting, particularly at the tail shaft end, 
shaft currents would be prevented from flowing 
out of the propeller. The Author cannot 
express any opinion whether the insulating 
material would withstand the mechanical forces. 


To Mr. AUTERSON 


Mr. Auterson’s opening remarks appear to 
indicate it has taken a long time to decide that 
A.C. is preferable to D.C. As it is probably before 
his experience with marine installations, it may 
prove of interest to know that one of the chief 
obstacles to the use of A.C. was the air injection 
diesel engine. Even with six cylinder engines 


and D.C. generators of 300 kilowatt capacity 
one had to parallel the incoming D.C. generator 
with the voltage swinging continually between 
about 200 and 240 volts with the bus-bars on 
a steady 220 volts. 


The Author would like to emphasise that a 
disability cannot be plausible, and there are 
many other disabilities than those mentioned 
in the original paper, as well as those added in 
the replies to the contributions. 


The Author did not state that the effects of 
cyclic fluctuations of prime move torque on 
parallel operation of A.C. generators required 
careful consideration. In fact, greater cyclic 
fluctuations in speed, indicates more perfect 
parallel operation of A.C. generators. 


There is no possible doubt that with A.C. 
the governing should be as close as possible, 
and if Mr. Auterson will peruse the replies to 
the contributions no doubt he will appreciate 
the reason. 


One should not become confused by some 
experience with motor operated governors on 
a diesel A.C. propulsion equipment. The design 
of a motor suitable for the operation of a diesel 
engine governor is one of the most difficult 
problems to solve, as it is a mere torque machine 
with no free running speed. Even in a large 
power station with steam turbines, where the 
governor merely operates a pilot valve, it is 
common practice to use a D.C. motor supplied 
from the emergency battery. The problem of 
course is similar to aspects of the present paper, 
in the fact that an A.C. motor has a poor starting 
torque. There is of course no similarity whatso- 
ever in a motor operated field rheostat. What 
should be understood is that the motor operated 
governor has to be sufficiently sensitive to 
permit increase in fuel without any change in 
engine or governor speed. Usually it is merely 
a question of taking up backlash or to obviate 
manufacturing errors. 


It is hardly likely that the delicate and 
complicated voltage regulators would be used 
in land practice if a more robust apparatus 
were available which would maintain the voltage 
between the specified limits. The fact is, the 
voltage regulator, with A.C. generators, may 
be the cause of serious, if not dangerous, results, 
as compared with the D.C. installation without 
such a piece of apparatus. 


In any one power station, although all the 
alternators may be provided with voltage 
regulators, when the alternators are running 
in parallel, the voltage regulator is in service 
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on one alternator only even with steam turbine 
prime movers, and with no appreciable variation 
in connected load. It may well be that some 
new method of control has been discovered for 
shipboard which enables voltage regulators to 
be used on all the alternators operating in 
parallel. Otherwise, of course, if a vessel like 
the “Queen Mary” had been fitted with A.C. 
generators one weuld hardly say that as the 
whole electrical installation and safety of the 
vessel were dependent upon a single voltage 
regulator that it might be considered satis- 
factory. It is hardly possible to control 
manually the voltage and power factor of A.C. 
generators operating in parallel even with only 
relatively small load variations. There is every 
reason, therefore, to make the variation in 
speed of the prime mover from no load to full 
load as small as possible in the case of A.C. 
installations. 


Perhaps one might suggest a little considera- 
tion of two clauses, the first, that with A.C. 
generators means are to be provided for auto- 
matically maintaining the steady voltage within 
plus or minus 24 per cent of the normal voltage, 
and the second, with one A.C. generator as 
standby the starting of the largest motor shall 
not cause excessive voltage drop in the system. 


Years ago, before Mr. Auterson or the Author 
were very interested in electrical matters, 
experiments were carried out in connection with 
the Home Office and Factory Regulations on 
the relative dangers to life of A.C. and D.C. 
Some of the experiments were carried out on 
rats which satisfactorily withstood 600 volts 
D.C. but only 110 volts A.C. 


So far as the Author is aware, no compensated 
D.C. generators have ever been fitted on board 
for auxiliary supplies. The Author made no 
mention of “reactance”, the term used was 
“armature reaction per inch”’,which is a measure 
of the active use being made of the material. The 
only reasons for fitting compensating windings 
to D.C. machines are to increase the overload 
capacity before flashover occurs and improve 
commutation. Thousands of D.C. generators and 
motors were fitted with “flash barriers” or 
“flash guards” to take care of flashover. 
Perhaps it would be just as well to turn Mr. 
Auterson’s next set of figures to practical 
values. As the amperes per horsepower at 
440 volts, 3-phase, are less than 1°5, and there 
is a vast number of motors from 2 to 5 H.P. 
fitted on board, it means there will be a con- 
siderable number of induction motors, with 
conductors capable of carrying 3-7°5 amperes 


on full load. Each one of these conductors, 
which at the usual density of about 2,500 
amperes per sq. in. would not be mechanically 
very strong, has to be fed through the semi- 
closed slots in the stator. There are very few 
circuits of 200 kilowatts or motors of 200 H.P. 
afloat. The Rules do not permit the use of fuses 
for 3-phase motor protection. Surely it is not 
seriously suggested that there is any necessity 
for “back up” protection on A.C. installations, 
as this would mean larger switchboards, increased 
cost and increased weight. Perhaps time will 
show whether in practice H.R.C. fuses will not 
give rise to any undue preoccupation when 
used on A.C. circuits, but of course there are 
other types of fuses which are permitted. 


The fact is, of course, that “rupturing 
capacity” of fuses on the D.C. circuits in 
question is not of basic importance, but any 
idea of no undue preoccupation of the “ruptur- 
ing capacity” of fuses on an A.C. installation 
may receive a very rude shock. One reads, for 
example, that there is sufficient auxiliary 
electric supply on the “Queen Mary”’ to supply 
a small town, but the implications of this if 
A.C. were installed are not realised. The total 
kilowatts are almost 10,000, and the length of 
the vessel almost 1,000 feet. Assuming 
the engine room is central, then as there are 
500 feet either side if the load were evenly 
distributed throughout the length, the load 
centre would be 250 feet from the generators. 
Actually, of course, it is nearer 100 feet. So if 
we multiply the kilowatts and distance by 10 
we have 100,000 kilowatts and the load centre 
2,500 feet theoretically, or 1,000 feet practically. 
In other words, a power station of 100,000 
kilowatt capacity to be similar to the “Queen 
Mary” would have all its output absorbed less 
than a + mile round the power station. There 
would be a few white hairs regarding “rupturing 
capacities” as well as a few fires and explosions 
with such arrangements. 


The Author has no information regarding 
the number of failures on D.C. installations 
due to electro-osmosis. 


The lantern slides shown at the meeting on 
the paper were all intended to illustrate a 
technical point, but owing to the time limitation 
the technicalities had to be omitted. For 
example one slide was to illustrate points on 
fabricated rotating members and it may come 
as a suprise to know that the rotors of the 
“Queen Mary” generators designed in 1929 
were all fabricated with bare wire welding. 
Another slide illustrated a motor generator 


set incorporating a 45 ton flywheel, where 
the D.C. generator flashed over but no damage 
was done, although there is enough stored 
energy to keep the set rotating for an hour 
and twenty minutes after the power to the 
driving motor is removed. Another slide showed 
an alternator which was being dried out on 
short circuit, and the shunt field rheostat 
was shorted by an instrument lead falling 
across it. It was impossible to calculate the 
time exactly, but in something between 8 to 
12 seconds after the short, every joint in the 
stator winding became unsweated. On board 
ship there is no protection whatsoever of the 
internal windings of the generators or of the 
cables from the generators to the switchboards, 
so there is very definitely more danger in the 
case of the A.C. generators and cables than 
the D.C. In fact it must be realised that if 
one gets a failure on an A.C. generator or 
motor, it is always a major failure involving 
considerable burning of laminations as well 
as windings, but this is not the case with D.C. 
generators and motors. In point of fact the 
“Queen Mary” is in this respect one of the 
least dangerous of vessels afloat, for if 
Mr. Auterson will go back to the elementary 
characteristics of a shunt generator he will see 
that the full characteristic is a parabola and 
the armature current finishes almost at zero 
and, what is more, as long as the short exists 
it will never increase again. The generators 
on the “Queen Mary” are shunt wound and 
no series winding is fitted. The apparent 
resistance of earth paths on A.C. is higher 
than the earth paths on D.C. So far as the 
Author is aware no information exists as to 
the effects of the steel hull of a vessel on short 
circuit conditions on A.C. 


The Author made no mention of ‘‘voltage drop 
in cables” on A.C. installations. However, it 
is well to observe that single phase A.C. motors 
may be used on a multiphase A.C. supply, 
and even on land one is limited to about a 
1 H.P. single phase motor on a 3-phase 4 wire 
A.C. supply, but there is no such limit on board 
ship. The question of voltage drop in the cables 
is a very minor part of the problem. The 
essence of the difficulty is always the voltage 
drop in the system. It is well to emphasise 
first, that the basic consideration is the design 
of the alternator, and in this respect the 
designer must know the power factor of the 
load. For land installations the power factor 
is usually 0°8 lagging, but so far no power 
factor has been specified for marine A.C. 
generators. Many references have been made 


to the A.C. installations on T.2. tankers, but 
what is wanted of course is some information 
of those other ordinary merchant and passenger 
ships, where the power factor may be away 
down at 0°5 or less during slow running in fog 
and may be well below 0°8 even at the optimum 
time at night. It is a very definite fact that a 
normal alternator designed for O08 power 
factor will certainly be overheated and will 
not give the nameplate volts at lower power 
factors. Catalagzi standby diesel alternator 
nameplate gave the rating as 500 kilowatts, 
0'8 power factor, but it was designed to be 
capable of 750 kilowatts, 0°8 power factor, 
although the maximum steady load was 
350 kilowatts and the largest motor direct on 
starting required 155 kilowatts at its terminals. 
The alternator was provided with a voltage 
regulator, but the voltage drop at the alter- 
nator terminals during starting of this motor 
was practically 15 per cent. It is no use merely 
limiting the size of motor to say 10 per cent of 
the generator capacity, there are various other 
limitations which it is necessary to give. 


With regard to the failure of propulsion motor 
rotors, it would have been interesting if 
Mr. Auterson had explained where the design 
was unsound. It is probable that the design 
was based on existing practice of similar motors 
used on land. No doubt all the design data 
of the rotors in question was available and 
it was possible to ascertain where the calculated 
figures were at variance with the actual service 
values. 


To Mr. ARCHER 


In the Author’s experience there is no 
critical horse power where either A.C. or D.C. 
becomes cheaper than the other. 


It is concluded that Mr. Archer means a 
type of apparatus where the contacts are 
held closed by a continuously excited electrical 
coil. Because of the magnetic flux variations 
with A.C., noise and chattering, i.e. a tendency 
to open, exists, and to get over these difficulties 
small copper or brass loops were inserted in 
the magnetic pole faces. These loops acted as 
“transformers” and reduced the chattering 
and noise. The Author knows such an arrange- 
ment as a “shaded’’ pole. It is concluded 
that the word “shielded” pole refers to the 
same thing, but the Author has no knowledge 
whether such an arrangement can be made to 
resist underwater explosion. 


One of the slides shown at the discussion was 
intended to illustrate the effect of torsion on 
fabricated rotors of electrical machines, but 
unfortunately time did not permit of any 
technical explanations of the slides. There 
seems to be little doubt that the effect of torsion 
in the rotor construction plus the variations 
in torque due to the propeller are prime causes 
of failure. Another slide was to be used to 
indicate the results of varying and reversing 
torques on the keyways of electrical machines. 
It may prove of interest to Mr. Archer to state 
that experience showed that the maximum 
length of key that could be used was about 14 to 
15 inches on a parallel shaft. If a longer total 
key was required then it had to be in two 
separate pieces. It was not possible to determine 
the optimum length of key from experience of 
taper shafts, but it was found to be very 
considerably less than the 14 to 15 inches for 
parallel shafts. In other words the accuracy 
of machining which could be obtained on 
apparatus of the sizes in question was the 
limiting feature. A very considerable stress 
can be induced in a shaft by the key itself when 
“hardening up” on a taper, due entirely 
to the difficulty of maintaining the keyway 
truly parallel with the geometric axis of the 
shaft and the bore of the mating apparatus. 


With regard to the typographical errors, 
the word “upper” should be substituted for 
“copper” on page 2. In the other two cases 
the Author means that as no “hump” was 
present in the D.C. cases they were peculiar. 
In regard to the third case perhaps it would 
be clearer if it was changed to “Due to the 
governor the maximum amount of steam which 
can pass the turbine is admitted to the turbine 
without any appreciable drop in speed below 
full speed, with a corresponding increase in 
torque.” 


To Mr. Horne 


The Author regrets that the impression 
might be conveyed that A.C. for auxiliaries is 
novel, and also that it was not made clear the 
paper did not apply to naval vessels. However, 
merchant ships had been fitted with A.C. 
auxiliaries at the time mentioned. The Author 
would emphasize the question is not whether 
A.C. or D.C. are reliable and successful, but 
whether it is better to use one as compared 
with the other. 


Reversal is a thorny subject, and the ultimate 
object is the movement of a vessel through 
the water. The shortest time to stop the vessel 
is not necessarily the same as reversal of the 


propeller as quickly as possible. It was not 
stated that synchronous motor drive compares 
unfavourably in the foregoing respect. In 
the fourth paragraph Mr. Horne refers to 
“synchronous induction motor drive’’, and so 
far as the Author is aware such machines have 
not yet been used for propulsion, but strangely 
enough if they were used as with D.C. the 
“hump” would become of no importance as 
full load torque could be available down to 
standstill. 


Cracks in a cast rotor of a synchronous 
propelling motor as well as in a fabricated 
rotor have occurred. 


The Author agrees that the D.C. cases in 
question were those within his personal 
experience, and the Paper should have been 
modified accordingly. The possible error of the 
electrical instruments used in taking the readings 
was less than one per cent in all cases. There 
appears to be some misunderstanding as the 
Author was in no way querying or doubting 
the readings of the electrical meters used on 
any of the electric drive ships where records 
were taken ; what the Author was suggesting 
was that this peculiar hump may, in part, 
be due to electrical flux reactions in the 
electrical machines. What is required is an 
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accurate determination of the characteristic by 
some other means than electrical machines 
with electrical instruments. In Mr. Watson’s 
reply the results of tests on a geared turbine 
tanker are shown, but even in this case the 
“hump” was nothing like as pronounced as 
those taken with electric drive. 


On any twin screw ship when turning, the 
load on the inboard propeller increases and 
decreases on the outboard, independent of 
what prime mover is fitted. If the inboard 
propeller is supplied from a steam turbine 
governed to maintain constant speed, then in 
the limit the load on the inboard propulsion 
motor increases up to the point corresponding 
to maximum steam admission, that is maximum 
overload. Accordingly with turbo-electric A.C. 
drive with governed turbines, the inboard 
propeller automatically resists any attempts of 
the rudder to change course. 


It is not clear from Mr. Horne’s final remarks 
if he means that on any large vessel there should 
be a mixture of A.C. and D.C. However, 
whatever arrangements are preferred the Author 
wishes he could be persuaded to present a Paper 
showing why it is better to use any one sort 
of electrical installation in preference to any of 
the others. 
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LESSONS TO BE LEARNED FROM THE 
APPEARANCE OF FRACTURES 


By G. M. BOYD 


To most people a fracture is just a fracture, 
yet over the past few years, largely owing to the 
outbreak of serious cracking in some welded 
ships, the study of fractures has developed into 
a fully fledged branch of science. The literature 
on the subject has grown to substantial bulk : 
and controversy rages. ‘The object of this 
paper is not to add to this controversy, although 
discussion is cordially invited, but rather to 
point out some of the interesting evidence which 
can be obtained from the examination of 
fractures which occur in ships. 


There are many known kinds of fractures, 
classified either by their appearance, mode of 
propagation or causes, but this paper is 
concerned with the “ripping” or “tearing” kind 
which occurs in steel plates under tensile loading. 
Before discussing these, however, brief reference 
must be made to some other types. 


FATIGUE FRACTURE. 


This type occurs after a large number of 
cycles of varying stress, and is most common 
in members subjected to frequent repetitions of 
loading, such as machinery parts. The 
magnitude of the safe stress under such 
conditions is considerably less than that which 
can safely be sustained in statie loading. 
Fatigue fractures commence at some sort of 
noteh effect, which may be a design discontinuity 
or an accidental defect. The crack spreads 
slowly until the member is so weakened that it 
ruptures by some other mode, such as those 
which oceur under statie loading. The surfaces 
of true fatigue fractures, when new and clean, 
appear smooth and polished, but show faint 
markings indicating the successive positions of 
the fracture front. In shafts broken by fatigue 
after repeated bending, these markings are 
usually ares of circles with their centres at the 
origin. In true fatigue fractures there is no 
deformation of the material, and the erack is 
usually so fine as to be almost invisible except 
under close examination. For this reason 


a2 


fatigue fractures must be searched for at the 
places where they are likely to occur, ie., at 
discontinuities or “stress concentrations”. Some- 
times the final rupture, following the true 
fatigue crack, shows a “crystalline” appearance, 
and this has given rise to the saying that the 
material had “become  erystallised” or had 
“become fatigued.” These expressions are 
incorrect, since it is known that fatigue does 
not affect the structure of the material. 


CORROSION FATIGUE. 


This type, sometimes known as “chemical 
embrittlement,’ occurs under repetitions of 
stress in the presence of a corrosive agent. The 
chemical action weakens the boundaries between 
the erystals of the metal, and this action 
progresses under the action of the stress until 
the member is weakened to the point of general 
fracture by some other, more normal mode. 
Fractures of this kind are, during the first stage, 
usually “intererystalline,” which means that the 
breakdown has occurred on the — erystal 
boundaries, and not through the crystals them- 
selves. The appearance is usually granular, 
but the surface does not sparkle as it does in 
transerystalline — fractures. There is also, 
usually, some discoloration or other evidence of 
chemical attack. Cracks due to this cause are 
similar to fatigue cracks in that they are almost 
invisible before the final rupture occurs, and 
require to be sought out by close examination 
at vulnerable points, i.e., at stress concentrations 
exposed to chemical attack. They may some- 
times be found, for example, at riveted overlaps 
in boilers in which chemicals have been used 
for water treatment, and occasionally in highly 
stressed castings exposed for long periods to 
sea-water, 


PLATE FRACTURES. 


This is the type with which we are mainly 
concerned here, and which has given rise to an 
enormous amount of research in recent years, 


following the serious failure of some welded 
ships. Before discussing them in detail, 
however, it is desirable and necessary to dispel 
some commonly held beliefs, and to show why 
so much research was needed. 


The serious failures mentioned have been 
characterised by their suddenness, high speed 
of propagation, apparent brittleness, and the 
fact that in many cases they occurred at quite 
low nominal stresses. They have not been 
amenable to any of the obvious explanations, 
such as deficiencies in strength as normally 
assessed, nor shortcomings in material or 
workmanship as judged by normal standards. 
The most popular “explanations” attribute them 
somewhat vaguely to welding, or more 
particularly to “locked up — stresses” or 
“triaxiality of stress,” or to the “rigidity” of 
welded structures. It is not the purpose of this 
paper to discuss these theories in detail, but it 


must be stated that after very thorough 
examination by ‘powerful research in many 


countries, these explanations cannot be accepted. 
It is therefore wise to be cautious in using the 
expressions just mentioned 


In order to avoid ambiguity, it is also 
necessary to define certain terms which are often 
used somewhat loosely, for example :— 


“BrirrLENESS” is the converse of “toughness,” 
which is defined as the intrinsic resistance 
which a material offers to the propagation of 
fracture. Toughness can therefore be measured 
by the energy, or work, required to increase the 
area of a fracture by unity. 


“Ductinity” expresses the capacity of a 
material to deform prior to and during fracture. 
Tt is usually expressed by the percentage 
elongation, or the percentage reduction in thick- 
ness or sectional area, or some such ratio. These 
ratios, of course, vary aceording to the shape 
of the specimen and the type of loading, and as 
yet no one has proposed an absolute measure 
of ductility. It is not directly related to 
toughness, although evidence of ductility usually 
implies that the material has behaved in a tough 
manner. 


“STRENGTH” is a somewhat vague term when 
applied to a material, as distinct from a 
structure made of the material. Thus, to say 
that a material has a “tensile strength” of x tons 
per square inch, means that a bar of the 


material will fracture under simple tension when 
the load reaches x times the sectional area of 
the bar. The rupture stress under any other 
circumstances, such as bending, or eompound 
stresses will usually be very different from the 
nominal tensile strength. 


“CLEAVAGE” is a technical term used in the 
science of crystallography to denote direct 
separation on certain crystallographic planes. 
It is therefore a “transcrystalline” mode, and 
cannot occur in non-erystalline materials, but 
it ean oecur in metals, which are crystalline, 
after considerable deformation. Cleavage, 
therefore, should not be confused with 
brittleness, nor with lack of ductility, but if a 
fracture in metal presents a sparkling 
“crystalline” appearance, it is fairly safe to 
infer that at least some of the crystals have 
fractured by cleavage. 


“Srear Fracture” denotes fracture which has 
occurred on a surface of maximum shear stress, 
which surfaces are usually at about 45° to the 
tensile stress, but they may be at different 
angles, and may be curved. Such fractures 
usually have a “silky” appearance. 


“Marr Fracrure” denotes the dull, rough, 
texture which is often seen in fractures which 
oceur on planes perpendicular to the tensile 
stress, such as the flat centre portion in “eup- 
and-cone” tensile fractures. When the surface 
is rusted or dirty it is difficult to distinguish 
between the “matt” and “erystalline” textures. 


“Frprous Fracture.” This term is used 
indiscriminately in connection with shear and 
matt fractures, both of which can be described as 
fibrous, denoting that the individual erystals 
have stretched and broken like tiny tensile 
specimens, i.e., that they appear to have broken 
as if they were fibres in the metal. Few metals 
are, however, composed of fibres in the true 
sense. 


DESCRIPTION OF PLATE FRACTURES 


The main features of plate fractures in 
mild steel are shown by the photographs, Figs. 
1, 2 and 3, and are indicated diagrammatically 
in Fig. 4. Referring first to Fig. 1 which shows 
three typical “brittle” fractures of the kind 
involved in the more serious ship failures, it 
can be seen that the surface is substantially 
perpendicular to the plane of the plate. This 


is shown better by Fig. 2 in which such a 
fracture is shown in perspective. There is little 
reduction in thickness at the fractured edge, but 
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some slight reduction, akin to the “necking” of 
tensile specimens, occurs, as can be seen 
in Fig. 2. 


The most significant feature of such fractures 
is the “chevron” or “herringbone” pattern which 
can be seen clearly in Fig. 1, and diagram- 
matically in Fig. 4. The reasons for this 
pattern need not be given here, but it has the 
important property that if the chevrons are 
regarded as arrows, they point towards the 
starting point of the fracture, i.e., in the 
opposite direction ‘to that in which the fracture 
has progressed. The direction of propagation 
is shown by the arrows in Figs. 1, 2, 3 and 4. 
By this means the whole course of the fracture 
can be traced, and the origin ean be located, an 
important observation from the Surveyor’s 
viewpoint. The chevrons are usually sym- 
metrical about the midthickness, but if bending 
of the plate occurs during fracture, the axis of 
symmetry is displaced towards the surface on 
which the tension is a maximum. Therefore, if 
the chevron pattern is not symmetrical, bending 
may be inferred, and the direction of the bending 
can be determined. 


The chevrons also give some indication of the 
“brittleness,” since they are most prominent in the 
tougher fractures, and become faint or imper- 
ceptible in very _ brittle fractures, which 
usually have a erystalline appearance when new. 
In shear fractures, i.e., those which are at 45° 
to the plate surface, no chevrons can be 
distinguished, and the appearance is as can be 
seen in two parts of the specimen shown in Fig. 
3. This is a photograph of a fracture in which 
the mode varies along the length, in a way which 
will become clearer presently. 


Summarising the characteristics of the plate 
fractures, and referring to Fig. 4, the following 
features may be noted :— 


(1) A flat portion at the middle of the thick- 
ness, marked by a “chevron pattern” which 
points towards the origin, and which is more 
prominent in “tough” than in “brittle” 
fractures. Displacement of the axis of the 
chevrons from the mid-thickness indicates 
that bending has occurred, with the maximum 


tension on the surface nearest the axis of the 
chevrons. 


(2) “Borders” of silky shear fracture along 
the edges (see Fig. 2). The borders vary 
in width from nearly zero in very brittle 
fractures to almost half the thickness, i.e., to 
the exclusion of the flat part, in very tough 
fractures. This variation in width of the 
borders, which gives a good indication of the 
toughness, is shown diagrammatically in Fig. 
5. In this diagram, the difference between 
the mating portions of the broken part can 
be seen, but it should be noted that the 
borders may be in different directions on the 
two edges, and the direction may vary along 
the length of the fracture, as suggested in 
Fig. 6. This effect can also be seen in the 
photograph, Fig. 1. 


(3) “Neeking,” or reduction in thickness at the 
fracture edges. This reduction in thickness, 
which can be seen in Fig. 24, is greatest in 
ductile fractures, and may be so small as to 
be imperceptible in very brittle fractures. 
The reduction in thickness increases with the 
width of the 45° shear portions, but a definite 
relationship has not yet been established. 


It can be seen, therefore, that plate fractures 
sannot be properly classified in distinet types, 
but gradation from very tough to very brittle is 
continuous. Thus, a fully ductile fracture has 
the same general features as a very brittle one, 
but in different degrees. For example, the 
brittle fracture of Fig. 54 can be regarded as 
one in whieh the borders have ‘been reduced to 
vanishing point, and the flat part occupies the 
full thickness. Conversely, in the fully ductile 
fracture, Fig. 5p the flat part has vanished, and 
the borders occupy the full thickness. 


The texture of the flat part also varies, as has 
been seen. Thus, in the tougher fractures, the 
texture is matt, with pronounced chevrons, while 
in the more brittle fractures the texture is 
erystalline with faint chevrons. 


So far, we have discussed means for estimating 
the relative toughness or brittleness from the 
appearance of the fractures, but it is also 
desirable to know some of the main factors 
controlling toughness. These factors are many, 
and most of them are speculative or controversial, 
but for general purposes it may be assumed 
that the apparent toughness of a fracture in a 


wide plate is affected by the following 
circumstances :— 


(1) Tue TemperRaturE.—It is well established 


that decreasing temperature increases the 
brittleness of a given steel. 


For example, in some of the plates involved 
in serious ship fractures, the notch impact test 
results showed a marked transition from 
high to low values within a few degrees 
temperature range well above freezing point. 
In these plates, incidentally, the ordinary 
tensile and bend tests indicated quite normal 
ductility and strength. 


Fig. 7 shows typical Izod impact values 
at various temperatures for two mild steel 
ship plates, both of which would meet Rule 
requirements in regard to tensile strength and 
elongation. It will be noted that the two 
curves are similar, but that curve B is 
considerably to the right of Curve A, and 
that for each of the steels there is a 
temperature range, known as the “Transition 
Temperature Range” in which the energy 
absorption undergoes a marked change. 
Remembering that energy absorption is a 
measure of toughness, it ean be seen that at 
a low temperature, say T,, both steels are 
‘notch brittle;”’ at a temperature between 
the transition ranges, as T,, steel A is 
tough and steel B is brittle; while at a 
higher temperature, T.,, both steels are “notch 
tough.” It is easy to see that steel A is 
preferable to steel B, but the degree of 
preference varies with the temperature. It 
is important to remark here that this example 
has been given by way of illustration only, 
and that different kinds of notch tests give 
different “transition ranges.” 


For this reason the effect of temperature 
is difficult to express quantitatively, and the 
central problem at present confronting the 
investigators is that of correlating the results 
of small notch tests with service performance. 
It is therefore of great importance to 
collect accurate and detailed descriptions of 
service fractures, with sketches or photo- 
graphs where possible, and that the 
temperature of the plate at the time of the 
fracture should be ascertained. By correlating 
such information with the results of notched 
bar tests on samples of the material, it is 
hoped eventually to find means for predicting 
the service behaviour of a given material at 
a given temperature from small scale tests. 


(2) THe Composrtion of THE MArTERIAL.—The 
relationship between toughness and composi- 
tion has not yet been clearly established, 
largely owing to the difficulties in measuring 
toughness, but some general trends are 
known. For example, inereasing the carbon 
content of steel markedly increases its 
brittleness as well as its tensile strength. In 
the interest of the investigations, therefore, 
it is clearly desirable to obtain as much 
information as possible on the origin and 
composition of steel involved in service 
fractures. 

(3) TuickNEss.—It is known that thick plates 
tend to be more brittle than thin ones, but 
the actual reasons for this are not clear. 
The effect seems to be partly geometrical 
and partly metallurgical. The thickness of 
the affected plates is therefore a relevant 
piece of information in reporting service 
fractures. 


(4) Sprep or Loaprnc.—High speeds of loading, 
e.g., impact, are known to be conducive to 
brittleness, but this effect is not so important 
in the ease of a plate fracture as was at one 
time believed, since in wide plates the velocity 
of propagation seems to tend to a “natural” 
value which is high in brittle, and low in 
tough, fractures irrespective of how the 
fracture is originated. Thus, a high speed of 
propagation is more a symptom than a 
cause of brittleness. Many of the more 
serious brittle fractures in ships have 
occurred under purely static loading. The 
matter is, however, under investigation, and 
any information which is indicative of the 
kind of loading at the time of the casualty 
is useful. For example, it would be of 
interest to know if a “slam” occurred or a 
heavy sea was shipped at about the time 
when the fracture occurred, and of equal 
interest to establish that there was no such 
impact effect. 


RELATION OF TOUGHNESS TO STRENGTH 


It is known that brittle fractures have 
occurred when the nominal stress was well below 
the yield point of the material. In such cases 
it is argued that the concentration of stress at 
the spearhead of the fracture is much greater 
than the normal stress. This, however, is not 
very helpful, since the concentration factor is 
unknown,. and must itself depend on _ the 
toughness of the material. 


It appears, however, that for each given 
toughness there may be a certain eritical general 
stress level above which a “fast”, uncontrolled 
fracture would occur provided it were initiated. 
This critical stress is not known, nor is its 
relation to toughness, but the indications are that 
in a “noteh brittle” material the critical stress 
may be considerably lower than the yield-point 
in simple tension. 


In investigating a case of fracture, it is 
therefore important to have some knowledge of 
the stresses operating, and for this purpose the 
details of the loading: of the ship are most 
helpful. 


ORIGINS AND ENDINGS 
In the investigation of cases of service 
fractures, it is of the utmost importance to know 
how and where it started and ended. In 
practically all the cases so far investigated, the 
origin has been found at some kind of notch 
effect, such as a structural discontinuity or a 
defect, such as an incomplete or deficient weld. 
Once the origin has been traced by means of the 
chevron pattern, it is therefore important to 
diseover the nature of the notch from which the 
fracture started. By so doing it is often 
possible to eliminate similar potential starting 

points at other parts of the structure. 


The ends of fractures are of equal interest, 
and invariably repay close examination. A 
fracture of the kind under consideration is often 
stopped by some quite small interruption of its 
free passage, such as a riveted overlap, a rivet 


hole, a crossing member, such as a frame or 
beam, or by its reaching a slightly tougher plate. 
It may even be stopped by a welded joint or 
by a change in thickness. 


For this reason some ships have been fitted 
with “erack stoppers” in the form of specially 
introduced riveted joints. The effectiveness of 
such devices is as yet not fully established, and 
it is consequently of great help in the 
investigations to know the details of the 
structure in way of the fracture, and particularly 
at its beginning and end. 


CONCLUSION 


Within the limited scope of a paper such as 
this it has only been possible to give a bare 
outline of a complex and difficult subject, on 
which the state of knowledge is at present very 
confused. However, an endeavour has been 
made to point out the main distinctive features 
of the kinds of fracture which a ship surveyor 
is likely to encounter. It is hoped that these 
indications may help surveyors to notice the 
more important features, in order to assist in 
the clarification of what is undoubtedly a serious 
and topical problem, namely, the all too frequent 
extensive fractures which continue to occur in 
some ship structures. It may also help to show 
the relevance of some of the questions which 
are asked in Cireular 1807. 

While the problem is under active investiga- 
tion, measures have been taken in the Rules to 
ensure adequate toughness in shipbuilding steel, 
and particularly that used in welded ships. 
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Fira. 1A.—Sure Piare Fracture, 0-339” raick. (Ref. 17) 


Fic. 1p.—Snie Puars Fracture, 0-91" raick.  (J.10) 


Fig. 1¢.—FRActurRE PRODUCED IN THE LABORATORY, 0-532” THICK. (Ref. 17) 


A.—PERSPECTIVE VIEW. 


DIRECTION OF PROPAGATION 


B.—FULL-FACE VIEW. 


Fig. 2.—“F iar” FRACTURE. 


DARECTION OF OPAGATION 


Fig. 3.—“Mrxep” FRACTURE. 
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Discussion on Mr. G. M. Boyd’s Paper 


LESSONS TO BE LEARNED FROM THE 
APPEARANCE OF FRACTURES 


MR. G. P. SMEDLEY. 

Having studied this paper I have failed to 
discover what lessons are to be learned from 
the appearance of fractures. The seope of 
the paper as suggested by the title covers too 
wide a field and, in consequence, few specific 
conclusions ean be drawn from ‘the details 
contained therein. 

The more general types of fractures have 
been detailed but their significance in practice 
has been sadly neglected. 

The author seems to be confused on several 
points. Firstly on the question of “toughness.” 
Fig. 5 shows fractures of the tensile type 
showing increasing “toughness”; should this 
not be “Ductility’? Toughness usually refers 
to some obscure property indicated by notched 
impact tests. 

“Cleavage” fracture, by its nature, is 
usually associated with brittle fracture. For 
normal steels, cleavage fractures rarely occur 
and the usual type, if brittle, is inter-crystalline, 
a common type not mentioned by the author. 
These two types of fracture are often confused 
and the only sure way of deciding which has 
occurred is by microscopical examination, 
unless the grain size is exceedingly large. 
Steels which exhibit temper brittleness, e.g. 
EN.23, do show cleavage but mild steels do not. 
It is for this reason that, despite the transition 
shown by notehed impact with temperature, 
mild steel is not considered to be temper brittle. 


The well-known phenomena indicated by 
Fig. 7 may have some. significance with 
relationship to service failure but I can trace no 
instances where the direct cause has been 
attributed to this factor. 

There must be many instances of steel 
operating at high stresses in service below the 
transition temperature. The value of an Izod 
obtained at room temperature is of little 
importance, except for guidance for heat- 
treatment. The transition temperature is by 


far the most important feature but is rarely 
determined. 


I note that the Society has withdrawn impact 
tests for Class I Fusion Welded Pressure 
Vessels. I can only assume that it is based on 
data indicating that for unfired or low 
temperature operating vessels the transition is 
of little importance. 

No reference is made on the curves (Fig. 7) 
of the fracture type obtained with decrease of 
temperature. Does the author consider Izod value 
to be of greater importance than fracture type? 


The notched impact test is thought to indicate 
the relationship between yield strength and 
cohesive strength of the material, the transition 
being a sensitive indication of the former 
exceeding the latter. Under these conditions 
failure is attributed to the brittle strength. 
A normal tensile test, unnotched, does not show 
this phenomenon but theory indicates that it 
may occur at temperatures well below that of 
liquid nitrogen. I believe experiments are being 
carried out in the U.S.A. to determine the 
brittle strength phenomena by this method but 
as yet no results are available. 

When the author states that failures of a 
brittle nature occur at stress values below the 
yield stress, to what value of yield is he 
referring? Does not a notch raise the yield 
stress and result in a decrease of duetility? 
Has the author any information relating to 
transition temperature for notched tensile tests? 
This feature appears to be of greater 
importance to failures in welded ship plates 
than the impact test, if the information given by 
the author claiming statie loading to prevail at 
the time when some fractures occurred is true. 


For welded ship fractures I should be pleased 
to learn if the fracture cracks were initiated in 
the weld metal, fusion zone or parent plate, If 
the weld metal or fusion zone is responsible, 
how do transition temperatures compare, for 
these regions, with the parent plate? 


MR. J. M. MURRAY. 

In page 2 of this extremely useful paper a 
reference is made to the importance of locked 
up stresses, which the author appears to 
consider to be of little moment. 

There is no doubt that in some circumstances 
they can be ignored, and experimental evidence 
has shown that a test girder, welded with the 
deliberate intention of inducing residual stresses, 
was not affected by the stresses. 

There are other situations, however, when the 
position is not so clear. Sir Andrew MeCance 
has stated that “such stresses are only dangerous 
when they act as a constraint to plastic 
deformation. When their line of action lies in 
the same direction as the external stress they 
can do little harm or, as in leaf springs, can 
actually be of benefit. If their direction lies 
across that of the external stress, then residual 
tension stresses can be a source of danger. 
From what has been previously stated, if their 
intensity is greater than approximately 40 per 
cent of the breaking strength, side contraction 
will ‘be prevented, and it will be possible to 
attain the breaking stress with a total extension 
corresponding to that of pure elastic extension 
only. For all’ practical purposes, such 
extensions are negligible and the erack which 
forms has the appearance of a brittle fracture.” 
The contributor believes that this expression of 
opinion cannot be neglected, and would be glad 
of the author’s comments. The contributor 
would also be glad of some further information 
on the following points. 

In Fig. 7 it is noted that curve ‘B’ is taken 
from a mild steel plate which would meet Rule 
requirements. It is evident that the transition 
temperature is high, and the contributor would 
like to know whether this curve is typical of 


normal mild steel. Furthermore, since the 
energy absorbed at 0° C. seems to be one 


indication of the toughness of the plate, he 
would be interested to know whether it is 
possible to segregate steel as satisfactory or 
unsatisfactory from the point of view of 
toughness from the energy absorbed at 0° C. 
He would be interested, also, to know the speed 
of a “fast” fracture, and also an approximate 
value for the critical stress at which a fracture 
might be expected to take place. 


MR. JAMES TURNBULL. 


The exact behaviour of ships’ structures in 
service is not yet fully understood, although 


much headway has been made recently as a 
result of the investigations earried out on full 
scale ships by the Admiralty Ship Welding 
Committee, in which the Society has taken a 
leading part. 

The steel problem is, as the author states, 
somewhat involved. I have studied, over the 
past 10 years, dozens of papers on the subject 
of fractures in steel, and now I find that the 
cream of that knowledge is being served up to 
the Staff in the most clear and succinct form. 
For that, Mr. Boyd deserves the gratitude of 
every Surveyor. 

It has been well known that ductility as 
measured as a percentage elongation of a local 
tensile test piece is not necessarily a measure of 
toughness. | This, in fact, is the first occasion 
on which I have seen a technical definition of 
toughness and it seems from that definition that 
the author considers Izod and Charpy notch 
test values as being a measure of that quality. 
The association of these impact tests with the 
author’s statement that many of the most serious 
brittle fractures have occurred under conditions 
of pure static loading is not clear, and the 
author might be*good enough to explain this 
connection. 


There is one point on the behaviour of steel 
which I have never quite understood, and I 
should be pleased if the author would enlighten 


me. If, say, deck plating is stressed in tension 
and “necking” is resisted by forees at right 


angles, both horizontally and vertically, i.e. the 
plating is in a triaxial stress condition, would 
tough steel fracture in a duetile manner? 

Considerable improvement in the quality of 
steel generally has resulted from _ the 
amendments to the Society’s requirements, and 
in this connection it is noteworthy that to date 
no major failure has occurred in any ship built 
since 1945, 


MR. T. MACDUFF. 


In Timoshenko’s “Theory of Elasticity” brief 


reference is made to the experiments of 
A, A. Griffith on tensile tests with glass rods. 
These experiments suggested that the  dis- 
crepancy between the theoretical breaking stress 
and the actual breaking was due to 
surface flaws in the material. To make these 
surface flaws become cracks requires an increase 
of surface energy which could conceivably be 


stress 


‘supplied by the periodic forces present in the 


material. If this increase in energy is supplied 


by the periodie forces, then it is possible to 
estimate the critical stress for the material. 
Timoshenko derives a formula for the 
critical stress in a material assuming the erack 
or flaw to be initially a very narrow elliptical 
hole, of length |. The writer would like to 
apply this formula to a steel deck plate, but 
is unable to ascertain suitable values for steel. 


The formula is 
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Where Ser = Critical stress in lbs/in* 


E = Young’s modulus in lbs/in? 
T = Surface energy per unit surface 


area in lbs ins/in? 


1 = Initial length of flaw in inches. 


If the author could recommend suitable steel 
values for T and J, the writer would be much 
indebted to him. ° 


MR. O. CLEMMETSEN. 


We have seen from this paper that chevrons 
in a fracture are a sign of toughness, and 
narrow borders are a sign of brittleness. — Is it 
therefore possible to have pronounced chevrons 
and narrow borders, or conversely faint chevrons 
and wide borders, are these two 
conditions incompatible since — they 
different qualities in the material? 


sets of 
denote 


or 


Turning to the diagram on page 11, could 


Mr. Boyd say whether the position of the 
curves of impact values is affected by any* 
particular chemical constituent for a given 


thickness of plate. 


MR. F. C. COCKS. 


That the problem of fractures in welded ships 
is still with us was brought to our notice in a 
most drastic fashion during the severe gales of 
last winter (1950/51). Every endeavour is 
being made to remove the possibility of 
catastrophic failures in the structure of welded 


ships now under construction, by paying 
particular attention to details of design, by 
ensuring that the steel is tough, and by 


such a course 
desirable, the safe distribution of cargo or 
ballast. Nevertheless, there must a con- 
siderable number of ships still afloat in which, 
due to adverse conditions of weather, 
temperature or loading, such failures will occur, 
and a proper estimation of the causes will add 
to our knowledge, and enable us to prevent, so 
far is humanly possible, such casualties. 
in the future. 


indicating, whenever appears 


be 
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It was for just this purpose that Circular 1807 
was issued, not only to satisfy our curiosity as 
to why these casualties occur, but also to obtain 
information of the effect on the ships’ structure. 
It is of importance to know where a fracture 
starts, because that point is, or was, the most 
vulnerable, and a study of its position and the 
structural details in the vicinity will, in all 
probability, suggest immediate means of 
avoiding a recurrence of the trouble and also 
point to an improvement in future similar cases. 


For this reason, Mr. Boyd’s paper on the 
appearance of fractures is of great value, and 
should prove of the utmost assistance — to 
Surveyors in framing their reports on failures 
in welded ships. The opportunity is here taken 
to upon Surveyors the importance of 
complying, as fully possible, with the 
instructions of Cireular 1807, and to emphasise 
the value of a clear and detailed sketch of the 
fracture and the strueture in its vicinity. 


urge 


as 


There is little to criticise in Mr. Boyd’s paper, 
which is clear, concise and yet comprehensive. 
I would, however, ask him to define a little more 
explicitly his “measure of toughness” which 
on page 2 he states can be measured by the 
energy required to increase the area of a fracture 
“by unity.” 


Although “Cleavage”, discussed on page 2, 
may not be of particular interest to those 
who are not metallurgically minded, yet for 
the sake of its bearing on the general problem 
of fracture of steel in service I would be 
erateful if Mr. Boyd would explain some of 
the finer points, and indicate by a thumbnail 
sketch what is meant by “transerystalline” 
and “intererystalline.” 


The Association is indebted to Mr. Boyd for 
an interesting and valuable paper, which gives 
us practical advice based upon sound research 
and reasoning. 


AUTHOR’S REPLY 


To Mr. SMEDLEY. 


Mr. Smedley’s contribution raises most of the 
important points which inevitably arise in 
discussions on this topic. It tempts one to be 
drawn into a general discussion on the subject 
of noteh brittleness, but this temptation must 
reluctantly be resisted as being beyond the scope 
of the paper. It is, however, necessary to deal 
briefly with some of ‘his more important 
observations. 


3 _ BPR 
In regard to the matter of confusion in 


terminology, this is specifically covered by the 
definitions on page 2 of the paper, and if these 
are accepted, the confusion disappears. — It is 
recognised that in this subject there is much 
confusion of thought and terminology, as there 
must be in a sphere frought with such 
difficulties and so many unknowns, but it is 
submitted that the definitions given do at least 
make clear what is meant in the paper. 

It is not agreed that cleavage fracture rarely 
oeceurs in “normal” (presumably “mild”) steels, 
and many instances could be cited. 


“Tntererystalline” fracture has been mentioned 
in the paper under the heading of “corrosion 
fatigue” on page 1. 


“Temper brittleness” is ouly one of the many 
forms of brittleness, or rather, the term denotes 
that the brittleness has been indueed by a 
particular treatment. Mild steel is not subject 
to this form of embrittlement, but is subject to 
others, such as what is termed “low temperature 
embrittlement” as illustrated in Fig. 7. If the 
percentage of erystallinity in the fractures were 
plotted in Fig. 7 the curves would be approximate 
mirror images of the energy curves, with 100 
per cent crystallinity at a temperature some- 
where about the 10 to 20 ft. lbs level on the 
respective curves. 


Although Mr. Smedley may not see the 
connection |between the behaviour illustrated in 
Fig. 7 and service failures, the author could 
cite many cases showing a direct relationship. 
This is well established. 


It is agreed that there are many instances of 
steel operating at high stress below its transition 
temperature. It is fortunate that fracture does not 


inevitably ensue in, such circumstances, but the 


danger is present, provided the necessary 
circumstances occur simultaneously. 
The author cannot discuss the Society's 


motives for withdrawing impact tests from 
Class 1 fusion welded pressure vessels, but 
Mr. Smedley’s inference from it is not 
necessarily valid. 


With regard to the term “Brittle Strength,” 
this concept had a wide vogue some time ago, 
but is falling into disuse, since nobody seems 
able to define the term, much less to measure the 
property it purports to denote. For similar 


reasons, “Yield strength” has also fallen into 


disuse. 


Tn the statement that brittle fractures occur 
below the yield stress, the term is used to denote 
the “stress at which general yielding of the 
inaterial occurs, as distinct from yielding at 
the base of the notch or crack. 


There is ample information on transition 
temperatures in notched tensile tests, and this 
has been related to the actual oecurrence of 
brittle fractures in service. ‘This is, however, 
only one of the many forms of test which are in 
the process of being so related. 


The fractures in welded ships have originated 
from many types of notches, including weld 
defects. The transition temperatures of the 
weld metal, even when fractures have originated 
from it, are usually found to be lower than those 
of the parent plates. 


To Mr. J. M. Murray. 


The question of the importance or otherwise 
of locked up stresses is still unsettled, and 
opinions are divided upon it, but it seems clear 
that they cannot be cited as a simple explanation 
for brittle fracture in wide plates, because in 
these the stresses can at worst be biaxial. The 
locked up stress in the thickness direction must 


be small compared with that in the other 
directions. Moreover, locked up stresses of 


even yield-point value can be relieved by very 
small strains which are considerably less than 
those observed in even the most brittle of ship 
plate fractures. The concensus of informed 


opinions is that in wide plates locked up stresses 
cannot by themselves cause brittle fracture, 
unless the material is in a_ notch brittle 
condition. 


The statement by Sir Andrew MeCance is 
consistent with the above remarks, and may be 
applicable to massive castings, but in plates it 
is unconceivable that a residual stress of 40 per 
cent of the breaking strength could exist in the 
thickness direction, at any rate over areas 
comparable with the extent of the observed 
fractures. 


With regard to Fig. 7, “normal mild steel” 
would be expected to lie anywhere between the 
two curves shown. The energy absorbed at 0° C. 
is a fairly good guide, but it is preferable to 
consider the shape and_ position of the 
whole curve. 


The speeds of propagation of brittle fractures 
have been found to vary from about 300 to 5,000 
feet per second, and the nominal stress at which 
such fractures oecur varies from about half the 
yield point (in simple tension) upwards. 


To Mr. James TURNBULL. 


It is agreed that the type of loading in an 
impact test bears little relation to the kind of 
loading experienced in a ship. The standard 
impact tests are, however, a useful means for 
sorting out steels, although they require 
expert interpretation. 


The question of “triaxiality,” i.e., stresses in 
three directions, which always arises in these 
discussions, has been partially dealt with in 
reply to Mr. Murray. In fact, a condition of 
complete, or nearly complete, triaxiality is very 
diffieult to produce even under laboratory 
conditions, and can only be produced very 
locally. Even when it has been produced, the 
resulting fractures have often been ductile. It 
can only be said that triaxiality, if and when it 
exists, should favour brittleness, but it eannot 
account for the extensive brittle fractures 
in plates. 


To Mr. T. Macpvurr. 


The formula derived by A. A. Griffiths, using 
an expression previously given by Inglis 
(I.N.A. 1913 part II), was intended to apply 
only to essentially brittle materials such as 
glass and ceramics, in which the only work to 
be set against the elastie energy released is the 
“surface energy” of the new surfaces produced 
by the fracture. Many efforts have heen made 
to adapt the theory to ductile materials, without 
conspicuous success. For these it is necessary 
to replace the quantity “T” by T+W where W 
is the work done in plastie deformation, which 
is almost impossible to estimate. 


To Mr. O. CLEMMETSEN. 


Narrow borders with coarse chevrons, and 
vice-versa have in fact been observed, but the 
usual tendeney is for the borders to increase 
in width as the chevrons become coarser. The 
two indications seem to be, to some extent, 
independent. 

The positions of the eurves such as those 
shown in Fig. 7 (page 11) are affected by 
composition and by thickness, but the effect of 
the latter seems to be due to metallurgical causes, 
such as the different rates of cooling for 
different thicknesses. 


To Mr. F. C. Cocks. 

With regard to the definition of toughness 
(page 2) the meaning would perhaps be clearer 
in the form: “Toughness can therefore be 
defined as the work done, per unit area of 
fracture surface, in extending the fracture.” 
The area of fracture surface can conveniently 
be taken as that of one of the new surfaces 
created by the fracture, 


“transerystalline” and “inter- 
crystalline” respectively denote _—_ fracture 
“through” and “between” the crystals, as 
indicated in the rough sketch overleaf. In the 
former, the crystals are broken through, usually 
on the planes on which the atoms are arranged. 
In the latter, the fracture follows the boundaries 
between the erystals. 


The terms 


TRANSCRYSTALLINE. 


INTERCRYSTALLINE. 
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TURBO-ELECTRIC INSTALLATION 


By R. M. 


HE recent survey under construction of a 
I large turbo-electric tanker served to 
remind the Author that a paper to the 
Association written around the subject might be 
weleomed, not only by those surveyors solely 
occupied in electrical duties, but also by many 
others who find the rapidly increasing electrical 
development of marine work compels the interest 
of all concerned, especially those who might be 
posted abroad at some port where the arrival 
ofan electrically propelled vessel will break the 
monotony of survey work, as well as provide an 
added interest to it. 


Propulsion by turbo-electric machinery has 
made rapid strides, especially during the war 
period, and whilst the larger portion of this type 
of propulsion has been constructed in America, 
several vessels have been, or are being, con- 
structed in this country having electric pro- 
pulsion machinery which compares very 
favourably with that built in America. 


It is proposed to describe and comment upon 
the layout of the “San StLVESTRE” and the sister 
vessel the “San Sanvapor,”’ oil tankers of 15000 
tons deadweight, recently completed on the 
North East Coast and which to date, have proved 
very successful in service. 


The vessels are each powered by a 126 
revolutions per minute 9000 shaft horse power 
salient pole marine propulsion motor, the 
normal power being 8300 shaft horse power 
at 120 revolutions per minute for a service 
speed of 14-75 knots. 


The main machinery of these vessels can he 
divided and dealt with in rotation under the 
following sub-titles :— 

(a) Main propulsion machinery. 

(b) Main switchboard and protective gear. 

(c) Electrical auxiliaries. 


Martn Provpvision MACHINERY. 


It is not the Author’s intention to describe 
in detail the prime mover driving the main 
alternator, as surveyors are familiar with steam 
turbines. 


B 


HILLS 


The turbine employed is of the single cylinder 
type operating at a steam pressure of 475 pounds 
per square inch, superheated tc 775° F, with a 
vacuum of 28-5 inches in the main condenser 
and cooling sea water at an average temperature 
of 73° F. 


The alternator has a maximum continuous 
rating of 6930 kilowatts, i.e., 9000 shaft horse 
power, at a speed of 3230 revolutions per minute, 
and as in the ease of all high speed machines 
is of the rotating field type, the armature or 
stator remaining stationary. 


For those surveyors who are not familiar 
with alternating current machines, perhaps a 
word of explanation regarding the armature 
remaining stationary on large alternators would 
be welcomed. In all generators it should be 
borne in mind that the current generated is of 
the alternating type and in the case of small 
A.C. machines the current can be collected from 
the collector, or slip rings by means of carbon 
brushes. In the case of direct current machines, 
however, a commutator is employed to convert 
the generated power from alternating to direct 
current, and as the commutator is revolving this 
is a limiting feature in the design of direct current 
generators. 


With alternating current machines having 
large outputs at higher voltages, the size of the 
slip rings and the distance between rings due to 
increased leakage surface, makes the design of 
rotors most difficult especially in the case of a 
high speed machine. It was decided to reverse 
the procedure and construct the machines having 
a rotating field and a stationary armature. Thus 
the only slip rings required are those through 
which the direct current is fed to energise the 
rotating field and as this is of a low voltage the 
difficulties in design are reduced. In some 
cases it has been found necessary to fit “‘flash 
barriers” between slip rings to prevent flash overs 
taking place between slip rings due to ionisation of 
the air in the immediate vicinity of the rings. 


The stator is wound for three phase output, 
the winding being of the involute or basket type 
insulated for 3320 volts. All six ends of the wind- 
ing, i.e., two ends per phase, are brought out and 


the neutral ends of the windings are each brought 
through specially calibrated current transformers 
and then starred or commoned. The common 
connection is coupled to an earthing resistance 
and then to earth. The current transformers 
and earthing resistance form part of the protective 
gear which will be described later. 


The phase ends of the stator windings are 
connected to copper bus bars which are enclosed 
in a steel protective trunking and led to the High 
Tension switch cubicle, which is located in a pre- 
pared position under the control gear desk. The 
steel trunking serves a dual purpose, first that 
of preventing any person interfering with the 
high tension bus bars with more than likely fatal 
results, and second it gives mechanical 
protection to the bus bars and the porcelain 
insulators mounted inside the trunk. At 
intervals inspection doors are arranged along 
the trunk. 


The involute or basket winding is one in which 
the overhang is turned upwards and curved into 
an involute shape. The whole overhang then 
forms a conical assembly. With this type of 
winding the whole coil, which consists of a number 
of turns, is former wound and the stator slots 
are of the open type so that the completed coils 
can be slid into the slot, thus having a minimum 
of joints to be made. Each stator slot contains 
two coils, this being normal practice, and they are 
held in position by means of a hard wood or 
Bakelite-product wedge. The advantage of 
employing this type of winding is the ease with 
which spares can be carried and replaced. 


The rotor, or rotating field, is of the two pole 
type having strip windings laid in the rotor slots, 
which are milled in the rotor forging. There are 
two types of slots (a) conductor and (b) ventila- 
ing, and great care is necessary during the 
milling operation to keep the slots diametrically 
opposite so as not to disturb the balance of the 
rotor. The ventilating slots are located in the 
pole face, and, as the name suggests, are used 
for guiding the cooling air along the pole face. 


The windings are located in the slots by means 
of brass wedges, except for those slots immedi- 
ately adjacent to the poles where steel wedges 
are fitted. 


It will be appreciated that with high speed 
rotors the mass of copper forming the rotor end 
windings is capable of setting up considerable 
stresses in the retaining rings used for housing 
the rotor end windings. The retaining rings, 
caps or end bells are therefore manufactured 


from high tensile steel usually of 60-65 tons 
per square inch ultimate tensile strength and 
are of non-magnetic material to reduce eddy 
current effects induced by stray magnetic fields. 


The end caps or end bells are located between 
the rotor body and the balancing rings which are 
a shrink fit over the rotor shaft. Grooves are 
turned in the balancing rings so that weights can 
be added to the rotor in order to balance the shaft. 


The excitation current is fed into the rotor 
by means of two slip rings which are connected 
to the ends of the rotor winding, the rings being 
mounted at the after end of the shaft. As 
carbon brushes are running on the outer periphery 
of the slip rings, heat is generated in the rings and 
the brushes by friction, and in order to reduce these 
losses to a minimum, and also to increase the 
cooling surface of the slip ring, the brush surface 
of the slip rings is grooved. The grooving takes 
the form of a square thread and has the added 
advantage of keeping the surface of the carbon 
brushes clean. 


With every electrical machine a set of working 
instructions is issued in which the correct grade 
of carbon brush to be used, correct brush pressure, 
and the method of checking brush pressures are 
given, and it cannot be too strongly emphasised 
that chief engineers and their staff should be 
made fully conversant with and adhere to the 
instructions contained therein. 


In machines having a comparatively short 
axial length cooling is effected by means of radial 
slots but in the case of the alternator, due to its 
length it is necessary to introduce axial as well 
as radial ventilation. From the diagram Fig 1 of 
the stator slot it will be seen that whilst the heat in 
the stator tooth can be dissipated by the cooling 
air flowing along the stator bore, the temperature 
of the conductor at the bottom of the stator slot 
will not be reduced unless some means are taken 
to put this into effect. The method of doing this 
is by punching holes in the core plate so that 
when the core is built the holes form a duct 
along which cooling air is carried thus reducing 
the temperature at the bottom of the stator slot. 


The alternator is air cooled, and is of the totally 
enclosed type, the air cooler being designed for 
tropical conditions with a sea water temperature 
of 90° F. The cooler is situated in the horizontal 
plane under the stator casing, care being taken to 
allow for the withdrawal of the cooler nest of 
tubes for cleaning and inspection. As sea water 


s the cooling medium used in the tubes, it is 
essential that no leaks should be allowed to 
develop in that part of the cooler which is inside 
the air stream, as this would result in a fine layer 
of salt being deposited on the windings which may 
eventually cause a breakdown in the winding 
insulation. Should a breakdown occur in the air 
cooler, the alternator is fitted with emergency 
doors and dampers which permit the alternator 
to be run at a reduced load, by drawing cooling 
air direct from the engine room. 


Thermocouples or embedded temperature 
detectors are built into the stator core ; one 
detector in each of three winding slots and two 
positions in the stator end windings, so that any 
instant check temperatures can be taken. In 
addition a temperature indicator and alarm 
is fitted to the stator casing for measuring the 
temperature of the exhaust air in the stator. 
Should the air temperature reach a predetermined 
figure, visual and aural alarm is given. This 
arrangement gives the operator every chance to 
investigate the cause of overheating before 
any material damage can be done. 


The outboard bearing on the rotor is contained 
in a bearing pedestal which is insulated from the 
alternator bedplate. Care is taken to ensure 
that all oil pipes connected to the pedestal are also 
insulated to prevent any circulating currents set 
up by stray or unbalanced magnetic fields flowing 
through the rotor shaft. 


Proputsion Motor. 

The motor is of the salient pole marine type 
having a totally enclosed ventilating system with 
two half capacity coolers and fans. The cooling 
system is similar to that described for the alter- 
nator with the exception that, up toapproximately 
half speed on the propeller shaft, only one half 
of the cooling system need be used to keep the 
temperature of the cooling air within safe 
working limits. For increased speeds, the 
second half of the cooler is brought into 
operation. 


As in the main alternator, the propulsion 
motor armature is stationary, and due to its 
large diameter is built in halves, the joint being 
on the horizontal centre line. The end windings 
of the armature windings in way of the joints in 
the stator casing are made by using portable links. 


The field is of the rotating type, the low speed 
rotor being built up from a number of poles which 
are dovetailed into position on the main spider. 
The locking of the poles into position is carried 


bz 


out by key plates, the bolts securing the key plates 
being checked or locked. Slip rings are employed 
to collect the current for exciting the propulsion 
motor field, the principle being the same as that 
employed on the alternator rotor. 


The ends of the stator windings are brought 
out, the neutral ends of the windings being taken 
through calibrated current transformers identical 
to those used in the alternator neutral leads and 
then starred or commoned. The phase ends of 
the windings are enclosed in steel trunking and 
led to the high tension control cubicle and the 
control desk, in a manner similar to that employed 
on the alternator. 


Embedded temperature detectors are fitted in 
the propulsion motor stator and an air alarm 
indicator is fitted to the stator casing which 
measures the temperature of the exhaust air in 
the stator casing of the propulsion motor. As 
with the main alternator the air alarm gives 
visual and aural alarm should the air temperature 
become excessive. 


The air coolers are arranged on the top half 
of the propulsion motor casing, which necessitates 
special baffles being fitted to prevent any leakage 
of sea water from the coolers dripping on the 
windings below. 


From the photograph it will be seen that to 
overhaul the cooler tube nests it is necessary to 
withdraw the cooler tube nests in an inboard 
direction over the top of the motor stator casing, 
resulting in sea water dripping on the top of the 
stator during overhaul. 


In the Author’s opinion it would be better to 
keep the cooling units below the centre line of the 
motor which would eliminate the need for special 
baffles, and secondly any external leakage from 
the cooling units would drip directly into the 
bilges. 


Under emergency conditions the main air 
circuit can be opened to the engine room 
atmosphere thus allowing the propulsion motor 
to operate at a reduced load whilst minor repairs 
can be carried out on the cooling system. 


Whilst the cooling systems on both the main 
alternator and the propulsion motor are of the 
enclosed system the means of circulating the air 
differ inasmuch as the main alternator fans are 
an integral part of the rotor whilst the propulsion 
motor has half capacity fans separately driven by 
two electric motors. 


ProvIsIoN FoR Dryinc Out ALTERNATOR & 
Proputston Moror. 


On both the alternator and propulsion motor 
units small heaters are fitted internal to cach 
machine and whilst the propulsion machinery is 
not in use, for example, whilst the ship is in 
port, or alternatively should it be found necessary 
to open the air cooler system, it is essential that 
the heaters be switched on especially if the ship 
is in a damp atmosphere, so as to prevent “‘sweat- 
ing” or condensation forming on the windings. 
This sweating results in a deterioration of the 
insulation resistance and if not given attention 
may eventually lead to a breakdown in the 
insulation resistance. 


Matin SWITCHBOARD. 


A feature of the main switchboard is its 
simplicity, the panels being made from Sindanyo 
having an ebony finish, and the switch gear is 
arranged in order of priority from left to right. 


The main switchboard is erected athwartships 
aft, on a platform above the engine-room 
starting platform level, and faces forward. The 
make-up of the board is as follows :— 


D.C. main excitation panel, diesel and turbo 
generators 220 volt panels, motor converter 
220-110 volt panels, and outgoing circuit 
panels, 220 volts being used for power circuits 
aft and 110 volts for lighting circuits in accor- 
dance with Rule Requirements. 


Contactor gear is mounted on the excitation 
panels which in addition to being remote con- 
trolled is interlocked with the control desk. 


A novel feature is the provision for supplying 
excitation current direct from the 220 volt D.C. 
bus bars. Whilst starting, double excitation is 
necessary, and this is taken direct from the 220 
volt D.C. bus bars. On reaching synchronous 
speed the voltage across the winding is reduced 
from 220 volts to 110 volts by connecting a 
number of immersion heaters in series with the 
220 volt circuit. The immersion heaters are 
located in the de-aerator tank and the boiler 
feed water temperature is raised by about 1 
Fahrenheit. Should this method of excitation 
be successful it may lead to the abolition of 
separate excitors for the main units. 


Earth faults on the direct current system are 
indicated by earth lamps situated on the main 
switchboard with the exception of earth leakages 
in the excitation circuits, these being indicated 
on the main control desk. 


In accordance with Rule Requirements lighting 
in tankers should not exceed 115 volts and it was 
therefore necessary to instal 2-30kW. motor 
generators 220-110 volts output. The motor 
generators are arranged to run in parallel but one 
unit is capable of carrying the lighting load of the 
vessel. 


ConrroL Desk AND PrRorective Gear. 

The control desk is built in two sections with a 
servo motor assisted reversing switch lever moun- 
ted between them, The other two main controls 
are a starting wheel and speed control wheel, all 
these controls being mechanical and fully inter- 
locked. The method of interlocking is such as to 
ensure correct operational sequence, and further 
to ensure that the reversing switch cannot be 
operated until the excitation has been cut off 
from the alternator and the main propulsion 
motor. 


The first movement of the starting wheel 
applies double excitation to the alternator and 
starts the main propulsion motor as an induction 
motor. Mechanical sequence stops prevent 
excitation being applied to the propulsion 
motor until the propeller shaft has attained 
synchronous speed. During this period the 
main turbine is controlled by its governor at one 
fifth full speed until the last movement of the 
control wheel reduces the alternator excitation 
and interlocks the separate speed control wheel 
to allow the main turbine speed to be raised as 
required, thus increasing the propeller speed. 


The arrangement of all the — essential 
instruments and gauges in front of the engineer 
attending the control desk assists in very 
rapid maneeuyvring. 


As previously stated the control desk is in two 
sections, the port side panel controls the 
alternating current circuits and the starboard 
side panel takes care of the excitation current to 
the alternator. The excitation panel is divided 
into port and starboard excitation circuits which 
are indicated hy red and green running lights. 


The protection of the excitation circuits is such, 
that in the event of an earth fault developing 
both aural and visual alarms are given. 


Between the two sections forming the control 
desk are arranged the engine room telegraph 
and a temperature indicator which is coupled to 
the alternator and propulsion motor thermo- 
couples. In the base of the excitation control 
desk is mounted the McColl protection gear 
which protects the main propulsion units. 


The principle of the McColl system is that of 
current balance and as long as the system is free 
from earth faults and short circuits the current 
in each current transformer will be the same, but 
in opposition, and therefore no current will flow 
in the relay circuit. If, however, a fault develops 
at any point between the current transformers, 
the current at the alternator end or sending end 
will be greater than that at the propulsion motor 
end or receiving end, and consequently there will 
be an excess in voltage in the secondary windings 
of the transformer at the sending end. This 
excess voltage will set up two currents, one 
through the operating coil and duplicate resis- 
tance at the sending end, and the other through 
the pilot wires, operating coil and a duplicate 
resistance at the receiving end. The ratio of the 
resistance is normally of the order 1 to 3, and 
consequently the ratio of the currents in the two 
paths will be3:1. Ifthe fault current is of such 
a value that the increased current in the operating 
coil can overcome the restraining coil the relay 
will operate and trip the breaker at the receiving 
end, which in this case opens the excitation 
current circuit breakers. 


The restraining coil has normally 5-10 per cent 
more turns than the operating coil so that the 
relay will act only when the current through the 
operating coil is more than this percentage 
greater than the current through the restraining 
coil. 


Whilst Fig. 2 shows a single phase system 
it applies to a three phase system equally well. 


It will be clear that the current transformers are 
a critical feature of this system, since they have 
to be balanced exactly, not only initially but 
permanently. In order that the induced voltage 
shall be proportional to the line current, it is 
essential that the magnetic circuit shall not reach 
saturation, and this is accomplished by providing 
a number of narrow air gaps in the iron core. To 
secure initial matching, the transformers are 
balanced against a standard and to ensure that 
there shall be no change of characteristics in 
service they are enclosed within a magnetic 
shield which prevents neighbouring iron affecting 
the distribution of flux. 


The neutral ends of the alternator three phase 
windings are ‘starred’ or commoned and taken 
to earth through an earthing resistance, in order 
to prevent the volts to earth rising to any undue 
value. With a balanced load and sjnusoidal 
wave form this earth circuit will not carry any 
current, but under fault conditions this does 
not apply, as the load is no longer balanced. 


When a fault develops on an alternator it is 
desirable not only that the machine be discon- 
nected from the bus bars, but also that its 
generated voltage be eliminated as quickly as 
possible to avoid the aggravation of possible 
internal faults. The field must be interrupted 
by an automatic field switch which open circuits 
the main alternator field circuit at the same time 
permitting to discharge the field current through 
a resistance, as the induced electro motive 
forces in the field can rise to values which may 
cause further damage. 


In the case of the vessel under discussion, the 
propulsion motor ventilating system fan motors 
are connected so that on the interruption of the 
alternator field circuit the alternator rotor 
discharges through the ventilating fan motors. 


ELecrricaLLy Driven AUXILIARIES. 

As surveyors are familiar with vessels having 
electrically driven auxiliaries, it is nob the 
Author’s intention to dwell on this section. The 
essential auxiliaries were all duplicated, and 
except in one or two instances were electrically 
driven. 


The power for the electric auxiliaries is supplied 
by the two 400kW. turbo generators and one 
100kW. diesel generator, at a pressure of 220 
volts. The generators are arranged for parallel 
operation, but as one 400 kW. generator is capable 
of supplying the ship’s load it is only necessary 
for parallel operation whilst changing over from 
one generator to another. The diesel generator 
is normally intended for port use and is run only 
in parallel with either of the two turbo generators 
during a change-over period. 


Asis usual in the case of ships having electri- 
cally driven essential auxiliaries a ‘running light’ 
yanel is fitted adjacent to the control desk which 
gives visual and audible alarm in the event of a 
motor failing to operate. 


Roror WirmprRawaL (ALTERNATOR). 

During the planning of the engine room 
arrangement special attention was given to the 
space available for withdrawal of the rotor. In 
the case of turbine spindles, after the top half of 
the cylinder has been removed, a straight lift 
can be obtained, but with the alternator rotor 
this has to be “threaded” or “‘skidded”’ in and out 
of the stator bore. Normal practice is to provide 
with the stator a withdrawal plate which is 
approximately equal to one third of the cireum- 
ference of the stator bore in width and whose 
length is equivalent to the length of the stator 


core plus the overhang of one end of the stator 
end windings. This plate, normally 3/32 inch 
thick, is secured to the bottom of the bore of the 
stator to prevent damage to the stator core. 


If the rotor has no fans fitted, i.e., circulation 
of air in an enclosed system by external fans, 
then the shaft can be slid along the withdrawal 
plate. When the rotor is fitted with integral 
fans, as in this case, it is necessary to provide a 
“skid” plate to prevent damage to the fan 
shrouds. 


From Fig. 3 the removal of the rotor will 
be seen to be governed by the rotor air gap 
and as this may be no more than half an inch, 
considerable care is necessary in order that the 
stator core will not be damaged. 


It should always be remembered that the stator 
core is built up from laminated iron sheets, each 
sheet being insulated from its neighbour by 
either a thin sheet of Manilla paper or a coating of 
insulating varnish to prevent eddy currents 
flowing in the core. As this insulation is only 
several thousandths of an inch thick it will be 
readily understood that any damage to the core 
may destroy the insulation locally and permit 
eddy currents to flow and generate heat which 
in turn damages the surrounding insulation. 


In the event of local hot spots being located in 
the bore of the stator due to slight damage the 
following procedure may be used and should prove 
of help to surveyors to overcome the fault :— 


A steel rod with a special running nut on one 
end and a steel block secured to the other end, 
the total length being approximately equal to 
the bore of the stator. The steel block is 
recessed and a grease gun nipple is fitted to the 
steel block arranged to feed the recess. (See 
Fig. 4) 


After straightening the damaged plates the 
block is placed with the recess over the damaged 
plates. The running nut with a sole plate is 
now screwed into position so as to lock the 
block in position. After filling a grease gun 
with shellac varnishit is screwed on to the nipple 
and varnish is forced in between the plates. 


The grease gun will have to be of the screw 
down type as the pressure required to force 
the varnish between the core laminations is 
somewhere between 500 and 750 pounds per 
square inch. The Author has used this method 
on several occasions with successful results. 


Roror Fautts. 

Faults which may occur on rotors can 
usually be traced to one of the following : Slip 
rings, slip ring leads, or the rotor windings, and 
this is usually a process of elimination. 


The following procedure can be adopted to 
locate such a fault :— 


Thoroughly clean and examine the slip rings 
and slip ring insulation. For cleaning 
purposes it will be found that carbon tetra- 
chloride is most satisfactory. Carefully 
examine slip ring lead insulation and renew 
where perished. Thoroughly clean rotor 
end windings by first applying compressed 
air, care being taken to ensure that no moisture 
is present in the air system. 


Check rotor insulation resistance with 
megger and inthe event of the fault still 
persisting it will be necessary to isolate each 
item and check separately. 


A common fault on rotors is the collection of 
carbon dust inside the end bells, and whilst 
blowing inside the end bells with compressed 
air will cure the fault in some cases, more often 
than not it is necessary to remove the end bells 
and thoroughly clean the windings and the insu- 
lation liner inside the end bells. This fault is 
quite common on rotors having cooling fans 
integral with the rotor and slip rings in close 
proximity to the stator end guards. From the 
sketch it will be seen how carbon dust is drawn 
from the slip ring brushes into the end guards 
through the baflle rings and finally deposited 
on the stator and rotor windings. (Sve Fig. 5) 


One method of curing this trouble is to run 
an additional baffle on the rotor shaft about 1} 
inch from the existing baffle and sealed. Pressure 
air is fed from inside the stator end guard near 
the fan discharge to the space between the two 
baffles on the shaft. The suction side of the 
fans will now draw air from between the baffles 
instead of drawing air from over the slip rings 
as in the old method. This method has been 
used with considerable success on several 
occasions by the Author. (Sve Fig. 6) 


A common fault in power station alternator 
rotors which have been running under varying 
loads for some considerable time is that due to 
coil distortion. 


The shrinkage of turbo alternator rotor coils is 
a comparatively recent phenomenon and after 
considerable investigation and experience it is 
thought that a satisfactory explanation has now 
been found. 


The possibility of coil shrinkage is inherent in 
all turbo alternator rotors, but is dependent upon 
the length and diameter of the rotor. Deforma- 
tion of the windings takes place after a rotor is 
run up to speed and during the loading period 
in which the copper attains its final temperature. 
Shrinkage then occurs every time the set is shut 
down, and is therefore cumulative. The total 
amount of shrinkage is therefore dependent 
upon the number of starting operations. 


The photographs show a rotor wound prior 
to having the end bells fitted and also a similar 
rotor after extensive running from which will 
be seen distortion has taken place at the corners 
of the coils. It is understood that the form of 
distortion is similar to that found in other rotors 
which have been examined. 


Examination has shown that the contraction is 
least in the inner coils adjacent to the poles and 
is greatest in the outer coils. The temperature 
conditions are less severe for the inner coils due 
to the greater heat flow to the adjacent poles 
which reduces the temperature gradient down the 
slot. In general the top turns suffer no contrac- 
tion and the maximum shrinkage in any indivi- 
dual coil occurs towards the bottom of the slot, 
where the temperature attains its maximum 
value. The contraction of the individual turns 
unfortunately is not regular and pronounced 
steps may develop in any position in any coil. 
These irregularities may cause short circuits in 
rotors which are not adequately packed. If the 
step in any coil is severe there is a danger that all 
the lower turns being only partly supported by 
the upper turns may become unstable and be 
displaced radially by centrifugal force. 


Where the corners of the coils are inadequately 
or completely unsupported, the tension in the coil 
tends to straighten the formed bend in the coil. 
This effect causes the coil to pull inwards and 
exert a pressure on the corners of the rotor slot 
particularly in the shorter coils. The pressure 
on the insulation is highest near the bottom of 
the slot, where the coil shrinkage may be sufficient 
to cause a breakdown to earth at these points. 


The theory of the shrinkage is complicated and 
it is not intended to enter into this discussion at 
this stage, but a simple explanation may be 
welcomed by readers. 


Under normal operations a turbo alternator 
rotor is run up to speed and excited. Owing to 
the heat gradient which is established through 
the slot insulation, the copper attains a higher 
temperature than the rotor body, and the 


expansion of the copper in relation to the body 
if unrestricted depends upon the difference in 
temperature and coefficients of expansion of 
copper and iron. The turns are not free to 
expand, but are subject to a frictional restraint 
which is proportional to the centrifugal force on 
the coils and the coefficient of friction between 
the surfaces in contact. The copper windings 
tend to expand in both directions from the centre 
of the rotor and the frictional forces build up from 
zero at the ends of the slots to a maximum at: the 
centre of the rotor. The restraining force oppo- 
sing expansion is sufficiently high over a portion 
of the coil in the centre of the rotor to produce 
a compressive force in the copper in excess of the 
elastic limit. 


The copper in the centre of the body therefore 
suffers plastic deformation, and when on shutting 
down the set the turns contract freely without 
frictional restraint its length is slightly reduced. 


The shortening of the copper occurs each time 
the set is run up and shut down, and after a 
number of operating cycles the total amount 
of shrinkage may become appreciable. 


One of the obvious methods of overcoming 
coil distortion is to fit rigid packings or solidly 
pack the rotor end windings. This method, it is 
understood, has been tried out with considerable 
success, but in one or two cases packings have 
collapsed due to excessive pressure. 


The Author, although aware that coil distortion 
has in the main been reported only on large power 
station installations, would welcome any infor- 
tation froni Surveyors who may at some time or 
other have had to open up rotors on turbo-electric 
installations. 


A rotor from a T2 Tanker was recently sent to 
be repaired and have new end bells fitted. The 
rotor was examined with the end bells removed 
before rewinding and, in the Author’s opinion, 
there were definite signs of coil distortion. This 
rotor has been in service since 1944 and several 
of the lower turns were found to be approxi- 
mately 3/32” shorter than the top turns. 


Whilst it is agreed that rotors in a ship’s propul- 
sion unit are shorter than those employed in land 
power stations, the number of operating cycles on 
a ship’s unit will be more than those on a land 
unit over a given period, say, 12 months. Ashas 
already been explained, coil distortion is 
dependent upon the number of operating cycles 
and the length of the rotor body, so if one 
dependant is reduced and the other increased, 
then coil distortion, in the Author’s opinion, will 
take place. 


Some time ago overheating was reported on 
a turbo electric vessel of the ‘Bel’ class and on 
examination the following was observed :— 


(a) One carbon brush was missing from the 
inner slip ring and the brush pressures of 
the remaining brushes all varied. The 
result of this lack of maintenance was 
increased current density in the remaining 
brushes, sparking, and an increase in the 
working temperature of the slip ring. 


(b) Of the total number of brushes fitted to the 
brush gear 50 per cent of the ebonite 
locating pegs were missing (see Fig. 7), 
and the springs were located on top of the 
brushes by the sides of the brush boxes, 
giving an uneven brush pressure resulting 
in excessive sparking. 


(c) Several brushes were locked solid in their 
brush boxes, preventing the brushes from 
riding freely on the slip rings, resulting in 
sparking. 


During the course of conversation it was 
discovered that the method of setting brush 
pressures was by touch and that the brush gear was 
examined about once in six months. It should 
be clearly understood that every carbon brush is 
designed to operate at a certain brush pressure, 
which is given in the working instructions 
provided with every unit, and unless this is main- 
tained faulty operation will result. 


During erection, and most definitely during 
working conditions, it is most essential to keep 
the end bearing pedestal insulation perfectly 
clean. Let us consider the reason for interrupting 
the electrical circuit which can be formed through 
the rotor shaft bearings and completed through 
the bedplate ; this is illustrated in. the following 
example :-— 


During the running of tests on a 6000 kW. 
alternator a report was received that the 
bearings were running hot. The machine was 
shut down, bearing keeps lifted and journals and 
bearings examined. Slight scoring was observed 
on the bearings and journals. A more detailed 


examination was then carried out and traces of 
foreign matter were found in the oil sump, 
which were proved to be carbon. The exam- 
ination had also shown that the bearing pedestal 
was not completely insulated due to an oil pipe 
flange bolt being fitted without a bush of 
insulating material. This defect was rectified 
and after the whole of the oil system had been 
drained off and replaced by new oil the tests 
were continued without any further trouble. 


The erection of the bearing pedestal insulation on 
the “San SrILvesTRE” gave rise to some 
considerable discussion as on two sides of the 
pedestal the insulation finished flush with the 
pedestal foot (see Fig. 8). This arrangement 
would give the necessary insulation and leakage 
surface in the initial stages of testing, but it was 
agreed that any wiping down of the pedestal 
would result in dirt and oil being rubbed into the 
edge of the insulation and a breakdown in insula- 
tion resistance between the pedestal and bedplate. 


After discussion it was agreed to increase the 
leakage surface and this was done as shown on the 
Fig. 9. The modification, as well as increasing 
the leakage surface, gave 1/4 inch of highly 
polished surface all round the pedestal which 
could quite easily be kept clean. 


On completion of erection and prior to going 
out on trials a final check was made on the bearing 
pedestal insulation resistance was again found to 
below. Investigation showed that the insulation 
had been painted along with the pedestal. On 
removing the paint the insulation resistance was 
restored to infinity, tests being carried out with a 
500 volt megger. 


In conclusion the Author desires to express 
his acknowledgments to Messrs. The Furness 
Shipbuilding Co., Ld., for providing the excellent 
photographs, Messrs. C. A. Parsons & Co. Ld., 
for information and photographs regarding rotor 
coil distortion, Messrs. The Eagle Oil Co., Ld., 
for permission to discuss the details of the vessels, 
and finally to colleagues in the Society who have 
so willingly supplied helpful information in 
compiling the paper. 
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Discussion on Mr. R. M. Hill’s Paper 


TURBO-ELECTRIC INSTALLATIONS 


MR. L. R. HORNE 


First I should like to thank the Author for 
the very considerable amount of work he has 
put into the preparation of this paper and for 
the very useful practical advice he has given to 
his colleagues. 


In general I would like to suggest that the 
electrical designers are too prone to fit safety 
devices which will relieve any particular part of 
the installation from risk of damage. This 
sometimes appears to disregard the safety of the 
whole ship in an endeavour to protect one item. 
The marine engineer would, I feel certain, view 
electric propulsion more favourably if there 
were fewer gadgets incorporated in switch and 
control boards. 


On page 3 the Author suggests that cooling 
units should preferably be under the propulsion 
motors. This, I should have thought, was 
seldom practicable as the tendency is to make 
propulsion motors of as large a diameter as the 
hull dimensions will permit. 


On page 7 the Author gives useful advice to 
his colleagues, who may have to examine 
alternators, to be on the lookout for coil dis- 
tortion. There are, however, many turbo- 
electric installations in which this trouble has 
not been reported even after years of service. 
Generally, turbo-electric ships have the reputa- 
tion of being singularly free from engine room 
troubles. 


I should like to know whether the Author 
favours the maintenance of a slight pressure 
in excess of the atmospheric in the alternator 
and motor cooling systems. Surely it would 
tend to keep dust out. 


MR. R. P. STORIE 


I wish to thank the Author, Mr. Hills, for 
the splendid paper he has provided; he has 
collected a lot of information and has pro- 
vided many photographs and drawings to 
illustrate his paper. I have read the paper 
with great interest and consider that it 
contains much in the nature of useful and 
sound information and I would like to state 


that I consider this paper to be a very useful 
addition to the Staff Association Transaction. 


In general the remarks contained in the 
paper apply to two ships, the “San Silvestre”’ 
and the “San Salvador’ and not to turbo- 
electric propulsion as a whole. These two 
ships have followed the usual practice in this 
country, which is to have D.C. auxiliaries, but 
it should be borne in mind that the “modern” 
trend is towards A.C. auxiliaries—as used very 
successfully in the American built T.2 turbo- 
electrically propelled ships. 


This brings me to the excitation circuits 
which are supplied from a D.C. source. The 
Author explains a novel feature on the “San 
Silvestre” and the “San Salvador” which is 
that the excitation is taken from the D.C. 
bus-bars for auxiliary machines at 220 volts. 
After the starting period, which is of relatively 
short duration, the excitation voltage for 
normal running is reduced to 110 volts. To get 
down to this voltage a number of immersion 
heaters are introduced into the circuit. I 
assume that these immersion heaters are all in 
parallel to reduce the risk of an open circuit 
fault and that these heaters are in sufficient 
number that if one heater does develop an 
open circuit there will be no appreciable reduc- 
tion in excitation current. I personally do not 
like this arrangement as the normal running 
period of time is very much in excess of the 
starting period of time, and I feel that the 
excitation circuit should be as simple as 
possible with the normal generator voltage 
applied during the normal running time. In 
other words, I prefer the usual type of separate 
exciter with the booster to handle higher 
voltage required during the starting period. 


MR. 8. D. BRAND 


As one so closely associated with the Author 
I take great pleasure in complimenting him 
upon the simplicity of his paper in which he 
condenses a large mass of technical matter into 
a small space and sets it down in such simple 
language that those mysterious things which 
used to be “hidden from the wise and prudent” 


are now “revealed (even) unto babes”, for | 
am sure we can all understand them. 


Dealing with matters already discussed, Mr. 
Storie has in some measure stolen my thunder, 
for I had also wanted to ask about the use of 
immersion heaters in series (or series-parallel) 
connection for affecting the change over from 
double to single excitation and vice versa. 
This is certainly new to me although I have no 
reason to doubt its efficiency of operation. In 
the “Bermuda” turbo-electric vessels in which 
I formerly served, we had D.C. motor booster 
sets for this duty, but it is nearly twenty years 
since I left those vessels and, through no fault 
of my own, have never been able to inspect a 
turbo-electric job since, and it would not 
surprise me to know that other and more 
modern means of reducing or increasing the 
excitation voltage has been adopted. 


Regarding the question of stationary drying- 
out of the main motor windings I notice that 
heaters are mentioned in the paper for this 
duty. I seem to remember seeing plans of an 
installation where, for drying-out the motors 
under the shut-down condition, parts of the 
motor winding itself were energised by the 
closing of a field switch for this purpose, and 
in view of long absence from this type of 
vessel I should be interested to know from 
colleagues whether the case I refer to was an 
isolated one, or whether such practice is still 
adopted. 


Regarding Mr. Storie’s suggestion that the 
main control wheel, at its first sequence stop, 
determines the direction of the propeller, as 
this is a G.E.C. installation I should be 
surprised if the direction of rotation of the 
main motors is not similar to that company’s 
method in the “Bermuda” ships, namely, that 
direction of rotation is determined by the 
pointing to “ahead” or “astern” of a “direction 
switch”, which energises the “ahead” or 
“astern”? main motor contactors according to 
how the switch is operated, so that the main 
control wheel has no connection whatever with 
the main motor rotation. 


Once again, I do congratulate Mr. Hills on 
the excellent and very descriptive manner in 
which he has set out his paper. 


MR. C. W. WHITE 


I have enjoyed Mr. Hills’ paper, and it is 
especially interesting as regards the location 
and rectifying of several faults. 


There are two points that I would like to 


. 
put forward appertaining to the operation of 
the main propulsion in service, 


(1) Supposing the main propulsion motor 
Was running at “full ahead” and the auxiliary 
generator main circuit breaker trips out for 
some unknown reason, it would mean that 
the excitation to the main motor would be 
disconnected, therefore bringing the main 
motor to a stop, with the main controls still 
in the “ahead’’ position. Does the Author 
think that a safety device should be fitted 
to prevent the motor and alternator fields 
being excited by the re-engaging of the 
auxiliary generator circuit breaker before 
the main controls have been brought to the 
“stop” position? 


(2) On page 4 the Author states that rapid 
manmuvring can be carried out with this 
type of installation, and I quite agree with 
him, but does he think that this will even- 
tually cause undue fatigue of the shafting 
and securing bolts. Imagine again the vessel 
proceeding “‘full ahead’’, and the order given 
for any astern movement, it would appear 
that after coming first of all to the stop 
position at the controls, the main rotor 
would still be moving in the ahead direction 
on account of propellor drag. When the 
current is supplied to the stator windings in 
the reverse direction this would tend to move 
the stator, subjecting the holding-down bolts 
and attachments to severe strain until the 
rotor had come to rest and commenced 
moving in the appropriate direction. Does 
the Author think that a locking device 
should be fitted at the controls to stop this 
practice? 


MR. H. P. SOUTHWELL 


We owe Mr. Hills our best thanks for his 
comprehensive and methodical paper. It has 
great practical value and should be carefully 
preserved by all engineer surveyors—especially 
those likely to go abroad. 


Mr. Hills, very rightly, devotes much space 
to ventilation and the problems of preventing 
overheating in the alternator. The emphasis on 
the dangers of overheating and the troubles 
which arise from it cannot be overdone. 


I would ask him, however, to give us more 
information regarding the actual safe working 
temperatures and some practical advice on the 
recording of them. While the Rules lay down 
maximum temperatures they naturally imply 
that the surveyor has a practical knowledge of 
the design and construction of large alternators. 


1 ask this with the object of providing engineer 
surveyors abroad with such guidance as will 
enable them to cope with emergency conditions 
when the need arises to send a vessel elsewhere 
for major electrical repairs under conditions 
which may not fulfil the Rule requirements 
for a new installation. 

In such circumstances it might be necessary 
to reduce the output from the alternator and 
the Author’s opinion on this and other similar 
emergency steps would greatly enhance the 
value of this already useful paper. All this is 
tied up with safe working temperatures, reduc 
tion of power because of excess temperatures, 
and the length of the proposed voyage to a 
repair port. 

I would also ask him to clarify his account 
of the overheated bearing which appears on the 
last page of his paper. It would seem that a 
temperature had been produced in the bearing 
due to electrical leakage, and that it was 
sufficiently high to carbonise the lubricating 
oil. I will be glad if Mr. Hills will confirm that 
this is right and that the carbon was not free 
carbon dust which had contaminated the oil. 

Would he agree that the result of the elec- 
trical leakage was an initial or contributory 
cause, and that the oil was burnt in the final 
stages of the overheating? 


MR. J. GUTHRIE 

This paper will be of great interest to all 
surveyors connected with the survey of ships’ 
machinery, but especially so to those colleagues 
stationed abroad who may suddenly be faced 
with an electrical breakdown in a_ turbo- 
electric tanker with no previous experience or 
outside help to fall back on. 

There are, however, several items which are 
not clear to the writer, who is apt to consider 
the paper more from a mechanical than from 
an electrical point of view. 

Mr. Hills stresses the necessity for having the 
alternator outboard bearing of the rotor 
insulated from the bedplate to prevent circulat- 
ing currents set up by stray or unbalanced 
magnetic fields flowing through the rotor shaft. 
Discounting the difficulty in ensuring adequate 
insulation for the pedestal bearing holding- 
down bolts, lubricating oil pipes, ete., it is not 
made clear how the coupling between the 
rotor and turbine shaft is insulated. Also, 
what would be the danger in feeling this bear- 
ing by hand, as a current sufficiently strong to 
heat up a bearing would appear to have a 
definite shock value. As this pedestal bearing 
forms part of the alternator framework, surely 


the Rules would require it to be efficiently 
earthed. Again, are such stray currents set up 
in the propulsion motor shaft, and if so, how 
are they rendered harmless? 


In the description of the propulsion motor 
(page 3) the ventilating system consists of two 
half capacity coolers and fans, allowing the 
motor to run at half speed with only one half 
of the system in operation. Unless‘it is intended 
to run the vessel for long periods at half speed, 
which is doubtful in a tanker, this refinement 
seems hardly necessary. 

On page 4 the Author describes a method of 
reducing the field winding pressure from 220 
volts to 110 volts by means of immersion 
heaters in the boiler feed tank. As the vessel 
in question is equipped with two 220-110 volt 
motor - generators, would it not be more 
economical to switch over directly on to the 
110 volt supply? 


When manceuvring, the propulsion motor is 
run up as an induction motor to synchronous 
speed, after which, as a synchronous motor, 
its speed is an exact function of that .of the 
alternator. It would be interesting to know 
how this speed is determined, and whether the 
operator can change over from induction motor 
to synchronous motor before the correct speed 
has been attained. It would appear that the 
mechanical interlocking in the manoeuvring 
wheel would have to be controlled by a governor 
on the propulsion motor which itself would 
require to be synchronised with that on the 
alternator. 


With regard to withdrawing the alternator 
rotor (page 5), is there any reason why the 
stator cannot be built in halves, as in the case 
of the propulsion motor, thus allowing a 
straight lift for the rotor? This would avoid 
the loss of precious engine room space neces- 
sary to withdraw the alternator rotor in a 
horizontal direction, and the inconvenience 
and possibility of damage to the insulation. 


Finally, to revert to the question of the 
alternator pedestal bearing, the writer is not 
impressed by Mr. Hills’ proof (page 8) of the 
effects of stray electrical currents in the rotor 
shaft bearings. After opening out and presum- 
ably cleaning a bearing and renewing its oil 
supply, one would naturally expect it to run 
without further trouble, always assuming 
correct alignment and clearances. 


The Author is to be complimented in pre- 
senting a very interesting, well-written and 
timely paper on a subject important to all 
surveyors. 


AUTHOR’S REPLY 


To all colleagues who have contributed to 
the discussion and those who attended the 
first meeting to be held at Sunderland, the 
Author is indebted and would like to take this 
opportunity of expressing his thanks. It is 
gratifying to know that the paper on ‘“‘Turbo- 
Electric Installation” has been appreciated and 
will be of use to surveyors, especially those 
stationed abroad. 


In what follows the Author hopes that 
satisfactory answers will be found to the 
queries which have been raised. 


To Mr. Horne 


The Author cannot quite agree with Mr. 
Horne’s remarks regarding safety devices as 
surely the idea of fitting these is to limit the 
amount of damage which may be caused in 
the event of a breakdown and if this can be 
reduced to a minimum then the object has 
been achieved. 


The “gadgets” referred to as being 
incorporated in switch and control boards 
serve a very useful purpose as they ensure 
correct sequence of operation which the 
Author is sure Mr. Horne will agree is most 
essential, especially when dealing with high 
voltages. 


Space available in the engine room is one of 
the main limiting features in designing the 
propulsion motor, but the Author is still of the 
opinion that horizontal air coolers could be 
introduced without any increase in dimensions 
of the engine room. 


There is widespread support for Mr. Horne’s 
observations on the merits of pressurised 
circuits in the fact of this being carried out on 
certain hydrogen cooled alternators in large 
power stations with satisfactory results. 


With alternator fans external to the unit 
the drawing in of air, and thus carbon dust 
from the rotor brush gear, through the stator 
end guard bates does not arise, but this 
arrangement encroaches on the most valuable 
of all characteristics in the engine room, i.e., 
space. Another method of obviating carbon 
dust present in the main ventilating system is 
to totally enclose the brush gear with its own 
cooling system, the air being filtered through 
a “viscous” air filter, thus extracting all dirt 
and carbon dust. 


To Mr. Srorie 


The Author agrees that the modern trend is 
towards A.C. auxiliaries, which has been used 
with success on American T.2 tankers, but the 
British owner seems to be most reluctant to 
change from D.C. auxiliaries. The answer to 
this may be found in the fact that the majority 
of ships’ engineers having Board of Trade 
Certificates have a knowledge of D.C. and are 
capable of dealing with typical ships’ electrical 
installations. However, to introduce A.C. 
auxiliaries as well as D.C. would complicate 
matters and might necessitate carrying an 
electrical engineer on the vessels. 


It should be noted that D.C. cannot be 
eliminated on A.C. installations as a D.C. field 
is necessary to produce an alternating current. 


Regarding the method of connecting the 
immersion heaters this, in fact, is a straight 
series resistance connected in the 220 volt 
circuit which reduces the voltage to 110 volts 
when full load rotor current is being passed. 


No doubt surveyors are familiar with the 
“booster” arrangement and all will agree that 
any reduction in rotating machinery in the 
modern engine room is an advantage which 
will be appreciated by the chief engineer and 
his staff. Mr. Storie must agree that the 
immersion heater system is much simpler than 
the booster system and its auxiliary equipment. 


To Mr. Branp 


Whilst the Author has not, as yet, come 
into contact with an installation where the 
heaters for the alternators or propulsion motors 
are an integral part of the windings, he under- 
stands that the arrangement is not uncommon. 
Personally, the Author favours the separate 
system, thus being able completely to isolate 
the main windings of either unit and if neces- 
sary carry out repairs and still maintain heat 
necessary to prevent condensation taking place 
on the windings. 


To Mr. Waite 


The first query Mr. White has raised is 
extremely interesting, especially in view of the 
fact that it is understood that the condition 
actually occurred on an American T.2 tanker. 
The arrangement of the interlocking system as 
described in the paper is such that in the event 


of the main excitation failing the controls must 
be returned to the “starting” position before 
the main excitation current can be restored to 
the alternator. 

Regarding excessive stresses being set up in 
the propeller shaft and the holding-down bolts 
of the pedestals and propulsion motor, this 
point was the subject of correspondence 
between the builders and Lloyd’s Research 
Dept. Close collaboration was maintained and 
provision was made in the design for these 
extreme conditions. 


To Mr. SourTHwELL 


Mr. Southwell requests more information 
regarding working temperatures and the 
methods of recording them. 

It is most difficult to fix a specific working 
temperature for the various parts of the units, 
as there are a number of operational variations 
which will influence such temperatures within 
fairly wide limits as follows:— 


(a) Cooling Water Temperature — Both 
motor and alternator have closed air 
circuit ventilation system, and in each 
ease the ventilation air is cooled by sea 
water passing through the cooler. The 
temperature of the cooling water settles 
the datum line of all the other actual 
temperatures measured in the units. The 
coolers on the vessels described in the 
paper were designed to operate with a 
maximum cooling water temperature of 
90° F. 


(b) The State of Maintenance of the Coolers— 

The most reliable guide to the cleanliness 
of the cooler is a record of the temperature 
difference between the entering cooling 
water and the cooled air leaving the 
cooler. 
The coolers were designed for a difference 
of 13° F., so that even the worst case of 
water at 90° F. the inlet cooling air to 
the machine would not exceed 104° F., 
ie., 40°C. The figures were for losses 
produced at a motor shaft of 9,000 s.h.p. 
at 124 r.p.m. 

(c) Quantity of Cooling Water passed through 
the Cooler—The coolers were designed for 
the following water quantities :— 

Alternator Cooler ... 185 gals. per min. 
Motor Cooler (Port)... 90 gals. per min. 
Motor Cooler (Stbd.) 90 gals. per min. 

(d) Losses to be dealt with—The power out- 

put for ship propulsion is a very variable 


quantity, as the loading of the propulsion 
plant at any time is determined by the 
power required to drive the screw. At 
maximum screw speed, 124 r.p.m., the 
expected power is 9,000 h.p. and the 
losses associated with this loading settles 
the design of the various coolers. If for 
any reason the ship requires less h.p. to 
drive it, this is effected by reducing the 
serew speed (h.p. varies as speed”) and 
as this is done by reducing the operating 
frequency, both the alternator and pro- 
pulsion motor are reduced in speed. 
From the above information it will be 
seen that the ventilating air entering the 
machines to cool them will vary in 
temperature within fairly wide limits and 
a fixed operating temperature cannot be 
given. 

With regard to temperature rises the 
following figures may be of some help, 
and are based on an output of 9,000 h.p. 
at 124 r.p.m. (See graph on page 6.) 


ALTERNATOR 
ee 
EMBEDDED TEMP. DIAL 
DETECTORS THERMO- 
‘J 4 METER 
Stator Coils 45° C. — 
Stator Core 40° C: — 
Hot Air 25° C. Bb: 
MOTOR 
EMBEDDED TEMP.. DIAL ; 
DETECTORS TUERMO- 
ms : METER 
Stator Coils 76° C. — 
Stator Core 60° C. — 
Hot Air... 27° C. SADA 


It will be appreciated that the temperature 
rise of the ventilating air through the alternator 
depends on the following:— 

1. The losses to be removed. 

2. The volume of cooling air passing through 
the machines. As the alternator is fitted 
with integral fans on the rotor, the 
quantity of ventilating air per minute Is 
dependent on the speed. (Volume is 
approximately proportional to speed.) 

3, The density of the air. 

Mr. Southwell is correct in assuming the 
carbon was not free carbon dust, but was a 
contributory cause due to electrolytic action. 
To Mr. GuTHRIE 

Mr. Guthrie states that he has read the paper 
from a mechanical engineer’s point of view and 
under those circumstances the electrical side 
may bea little confusing. 


With the rotor end pedestal insulated it is 
not necessary to insulate the rotor coupling as 
it only requires the electrical circuit to be 
interrupted at one position. By insulating the 
rotor end pedestal it is only necessary to 
insulate the following positions:— (a) between 
pedestal and bedplate; (b) pedestal holding- 
down bolts; (c) oil pipe flanges and bolts. To 
insulate the turbine end of the shaft would 
necessitate insulating all oil, steam and water 
pipes connected to turbine casing and bedplate. 


There is no danger in feeling an alternator 
rotor bearing as the voltage is very small, and 
the circuit is interrupted so as to prevent 
electrolytic action taking place in the bearing 
oil film. Similar circulating currents can be 
set up in the propulsion motor shaft unless 
steps are taken to prevent this by insulating 
the forward pedestal. 

Whilst the Author agrees that no tanker is 
built to operate at half speed, the method 
described in the paper, i.e., two half capacity 
fans and coolers, has the advantage of being 
able to carry out repairs on either unit and 
still maintain speed on the vessel. With a 
single capacity fan and cooler any repairs 


would more than likely result in a complete 
shut down, especially if the repairs necessary 
were to take any length of time to complete. 
In order to supply the excitation current 
direct from the motor generator sets at 110 
volts it would necessitate increasing the size of 
these units, thus increasing the cost, and 
further would encroach on valuable space. 


Another point to be taken into consideration 
is that should the excitation be taken direct 
from the motor generator sets, any fault in 
the auxiliaries may result in a complete shut- 
down on the vessel. 

Regarding Mr. Guthrie’s remarks on syn- 
chronous speed,.it is impossible for the operator, 
with the arrangement described in the paper, 
to change over from induction to synchronous 
motor before the propulsion motor has reached 
synchronous speed due to electrical and 
mechanical interlocks. 


From the overhauling point of view it would be 
a great asset to have the main alternator stator 
built in halves, but from the electrical point of 
view this is not a practical proposition where a 
long length of stator core is concerned, 
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STABILISING TURBINE ROTORS 
By L. R. HORNE 


hand work done on H.P. turbine rotors 

after blading may leave appreciable stresses 
in the material and that when the rotor is sub- 
jected to a sufficiently high temperature, in 
service, the relief of these stresses may result in 
distortion. 


L has been found that the final machining and 


Stabilisation is carried out to prevent this. 
The process is as follows:— 


A lathe is arranged with a divided insulated 
oven large enough to take an H.P. rotor and 
geared to turn the rotor at 2 r.p.m. A lever 
deflection gauge (see sketch I) is fitted. After all 
machining and hand work has been completed 
the rotor is inserted, marks are made on the 
exposed shaft at 90° and it is kept turning at 
2 r.p.m: 


The temperature of the oven is raised at a rate 
of about 150° F. per hour to the appropriate 
temperature, maintained at that temperature 
for four or more hours and then the heat supply 
is cut off and the temperature is allowed to 


fall. 


During this time deflection readings are taken 
once an hour; the deflection being noted at each 
90° of revolution. 


The appropriate maximum temperatures are 
stated to be:— 


Carbon Steel Ae ete OOP 
3-5 per cent Nickel Steel 750° F. 
Nickel Chrome Moly. Steel 900° F. 
Nickel Moly. Vanadium Steel 970° F. 


As the temperature rises the surface stresses 
induced by the final machining and hand work 
will be relieved and some deflection will take 
place which should become negligible before the 
maximum temperature has been reached or soon 
after. The rotor will remain true as the tem- 
perature is maintained and falls and should be 


unaffected by subsequent changes in ‘service. 
That is the ideal and sketch II shows an example. 


The ideal presupposes a rotor which is forged 
of homogeneous material and completely stress 
relieved after the machining which precedes 
blading. The two presupposed characteristics, 
homogeneity and absence of internal stress, may 
not be actual. 


(i) The material may not be chemically 
homogeneous. If so it will not have the same 
coefficient of expansion in all its parts. Should 
the chemical arrangement be symmetrical about 
the axis of the rotor this may not matter, but 
if the chemical axis is not coincident with that 
of the rotor changes in temperature will produce 
deflection and stabilisation will not cure it. 


(77) If the rotor still has internal stresses un- 
relieved at the blading stage these will be partly 
or completely relieved when the forging is again 
sufficiently heated. If these internal stresses 
have been symmetrical about the axis no dis- 
tortion will take place, but if their arrangement 
is not co-axial with the rotor the relief will lead 
to deflection which will persist and which can 
be corrected only by machining. 


The method of recording is that the four de- 
flection readings are taken each hour and tabu- 
lated as shown on sketch III. 


To get a clear picture of what is happening 
these readings are then plotted as a polar graph, 
the deflections being measured successively 
parallel to their respective axes. 


The points so arrived at are numbered and 
indicate the distortion actually taking place in 
the rotor. 


Examples are shown of a very good rotor, 


sketch II. ' 


A more complex case, but still quite satisfac- 
tory, sketch LV. 


The last sketch, V, shown is of a case that 
was troublesome. The deflection was rather 
high and persistent. It varied to some extent 
with temperature, indicating some chemical 
unhomogeneity. A second test was made and 
the maximum deflection was found to be very 
appreciably less than previously and the rotor 
was finally considered to be in the right side of 
the border line. It might be added that no 
complaints have been heard of its behaviour 
after two years in service. 


References: S. H. Weaver. General Electric 


Review, 1941. 


Caplan, Jolly & Ruman. Sympo- 
sium on Internal Stresses in Metals 


& Alloys. (Inst. of Metals.) 
American Society for Testing Mater- 
jals 1949. Vol. 49. 


I am much obliged to Messrs. Vickers-Arm- 
strongs, Ld., for the data on particular cases. 
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Discussion on Mr. L. R. Horne’s Paper 


STABILISING TURBINE ROTORS 


MR. H. P. SOUTHWELL. 

Mr. Horne has set us a task with his 
interesting description of a method of stabilising 
turbine rotors, for the technique of this fairly 
new process does not admit of much criticism. 
This process is a specification requirement on 
Admiralty turbine work, but has so far not been 
used much in commercial work. 


The first case we dealt with personally in 
Newcastle was the H.P. turbine rotor of the s.s. 
“SILVER BRIAR”. This rotor was found to 
be bent very early in the vessel’s career, and a 
new one was sent out and fitted in America. The 
bent’ rotor was subsequently machined true 
at the Makers’ works and stabilised by the 
method described by Mr. Horne. It was later 
fitted in a new turbine for another vessel and 
has given no trouble. 


With the increased temperatures now being’ 
used it is standard practice to stabilise if the 
working temperatures exeeed 750° F., using 
much the same technique as described. At and 
below this temperature it is usual to use carbon 
steel for the rotors, and experience of years has 
shown that no trouble need be anticipated with 
this material at this maximum temperature. 
At higher temperatures in which an alloy steel 
is used for the rotors pre-heat treatment is 
undoubtedly a wise preeaution. For the alloys 
normally in use a treatment temperature of 50° 
F. above the maximum working temperature is 
generally found satisfactory. 


The interesting polar diagram which is 
included in this description does, in fact, show 
that deflections are negligible at temperatures up 
to 600° F., which confirms the statement made in 
the previous paragraph. 


I should add, in conelusion, that it is 
customary here to stabilise after all machining 
is complete, but before the blading is fitted. 


MR. J. LUNDGREN. 

The subject of locked-up stresses is to-day of 
vital importance in engineering inspection and 
I would congratulate Mr. Horne on_ his 
informative and stimulating contribution. 


I would like to make the following 


observations :— 


In his opening paragraph the Author refers 
to the cold-work stresses introduced by 
machining. He might have referred also to a 
further effect of machining, namely, the 
redistribution of stresses already present. Such 
redistribution may be appreciable, especially 
where there is sectional variation. 


The heating rate adopted, 150° F. per hour, 
is somewhat grrater than that usually obtaining 
in stress-rehwing practice, and would be 
expected to impose thermal stress. | Adoption 
of the rate of 50—100° F. might well lead to a 
reduction of the total deflection, and the cooling 
rate is of even greater importance. 


Caplan states that stress relief at service 
temperatures is adequate, but could not any 
stress remaining after such heat treatment 
undergo a redistribtion and so become non- 
uniform? 


At 700° F. it is unlikely that more than 50 
per cent of the residual stresses are removed, at 
1,000° I’. only 75 per cent stress relief is usual 
—the limiting temperature will be that at 
which sealing would occur, say, 950° F. for 
carbon steel, unless a controlled atmosphere is 
employed. In view of these observations is 
there not a strong ease for adopting somewhat 
higher temperatures than those mentioned? 


Tt would not be permissible to exceed 1,300° Hy, 
at which temperature changes in structure 
would occur and impose heavy stresses on 
cooling. 


I consider the Author has been wise in | 


referring to chemical heterogeneity, since this 
may be marked, not only in respect of ordinary 
variations throughout an ingot, but also in 
respect of actual segregates, which may differ 
in composition very considerably from the ingot 
as a whole. 

In a particular instance brought to my notice, 
the carbon content of a mild steel ingot 
averaged 0-16 per cent, yet actually varied 
between 0-12 and 0-20 per cent throughout the 
ingot. The sulphur content may vary even 
more markedly, as most Surveyors present will 
know from their examination of sulphur prints. 

As pointed out by the Author, even very 
slight variation in composition affects expansion 
coefficients sufficiently to cause pronounced 
deflection at the service temperature, and it 
would be most interesting to, know whether the 
Author has ever had occasion to reject a rotor 
on the grounds of such heterogeneity. 

I am not very well versed in the subject of 
stress analysis, but I have been fortunate in 
having an opportunity of referring to the “Hand 
Book of Experimental Stress An lysis,” edited 
by M. Hetenyi, .Professor of Engineering 
Mechanics, the Technological I ’titute, North- 
western University, U.S.A., in w ich I am most 
interested to find that the modern approach is 
not so much to remove residual stresses as 
actually to utilise them wherever possible. 

There is a paper entitled “Pre-Stressing of 
Rotor Dises” (reference “Steel,” vol. 118, 
page 104) in which the author, H. Dobkin, 

_ describes how he utilises residual stresses in 
turbine rotors as a means of raising the 
resistance to fatigue. 


AUTHOR’S REPLY. 
To Mr. SourHWwELL. 
It is interesting and satisfactory to know that 
Mr. Southwell’s experience is substantially the 
same as mine. 


Referring to the stage at which stabilisation 
should take place I should have thought that the 
blading and drilling, usually required for the 
subsequent balancing, are bound to have a slight 
effect on the surface stresses. In a borderline 
case there might be a definite gain in postponing 
stabilisation until blading and balancing had 
been finished. 


To Mr. LunDGREN. 


Commenting on Mr. Lundgren’s very 
informative contribution, I would say that the 
heating rate adopted seems to work well in 
practice, and so long as that is so manufacturers 
are not inclined to adopt slower and more costly 
rates. 

I do not think that stress relief should tend 
to leave stress non-uniform if the rotor is kept 
rotating slowly. 

The temperatures used are based on 
considerable practical experience in this country 
and in U.S.A. Whether the final word has been 
‘said on this must remain a matter of conjecture. 

No rotor stabilised under our survey at 
Barrow had to be rejected, but one ease is 
known of a rotor from a vessel not classed with 
L.R. which proved unsatisfactory in service and 
whose deflection appeared to be due to chemical 
heterogeneity. 

I have no experience of pre-stressing rotors. 
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